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ABSTRACT 

We present the results of the observations of the (J,K) = (1, 1) and the (J,K) = (2,2) inversion transitions of the NH3 molecule 
toward a large sample of 40 regions with molecular or optical outflows, using the 37 m radio telescope of the Haystack Observatory. 
We detected NH3 emission in 27 of the observed regions, which we mapped in 25 of them. Additionally, we searched for the 615 - 523 
H2O maser line toward six regions, detecting H2O maser emission in two of them, HH265 and AFGL 5173. We estimate the physical 
parameters of the regions mapped in NH3 and analyze for each particular region the distribution of high density gas and its relationship 
with the presence of young stellar objects. In particular, we identify the deflecting high-density clump of the HH270/1 10 jet. We were 
able to separate the NH3 emission from the L1641-S3 region into two overlapping clouds, one with signs of strong perturbation, 
probably associated with the driving source of the CO outflow, and a second, unperturbed clump, which is probably not associated 
with star formation. We systematically found that the position of the best candidate for the exciting source of the molecular outflow 
in each region is very close to an NH3 emission peak. From the global analysis of our data we find that in general the highest values 
of the line width are obtained for the regions with the highest values of mass and kinetic temperature. We also found a correlation 
between the nonthermal line width and the bolometric luminosity of the sources, and between the mass of the core and the bolometric 
luminosity. We confirm with a larger sample of regions the conclusion of Anglada et al. (1997) that the NH3 line emission is more 
intense toward molecular outflow sources than toward sources with optical outflow, suggesting a possible evolutionary scheme in 
which young stellar objects associated with molecular outflows progressively lose their neighboring high-density gas, weakening 
both the NH3 emission and the molecular outflow in the process, and making optical jets more easily detectable as the total amount 
of gas decreases. 
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1. Introduction 

Over the last decades, a great effort has been made to study the 
processes that take place in the earliest stages of stellar evolu- 
tion. It is now widely accepted that low-mass stars begin their 
lives in the densest cores of molecular clouds and that the earliest 
stages of stellar evolution are associated with processes involv- 
] ing a strong mass loss, traced by molecular outflows, Herbig- 
■ Haro objects, and optical jets, which emanate from the deeply 
' embedded young stellar objects. These mass-loss processes have 
been proposed as a way to eliminate the excess of material 
and of angular momentum as well as to regulate the IMF (Shu, 
Adams & Lizano 1987). The molecular outflow phase is known 
as one of the earliest observable phases of the stellar evolution. 
Several studies indicate that most, if not all, of the Class and 
Class I sources drive molecular outflows (e.g. Davis et al. 1999) 
and that an important fraction of these sources are associated 
with Herbig-Haro objects, as well as with molecular outflows 
(Eiroa et al. 1994; Persi et al. 1994). These results suggest that 
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both phenomena start and coexist in the early stages of the star- 
formation process. 

These outflows emanating from protostars collide with the 
remaining molecular cloud and disperse the surrounding mate- 
rial, and determine the evolution of the dense core where the 
star is born (Arce & Sargent 2006). In this sense, the study of 
these mass-loss processes and the molecular environment of the 
embedded objects from which they emanate has became an im- 
portant tool in order to better understand the earliest stages of 
stellar evolution. 

Ammonia observations have proved to be a powerful tool for 
studying the dense cores where the stars are born. Since the first 
surveys of dense cores (Torrelles et al. 1983, Benson & Myers 
1989, Anglada et al. 1989), a clear link was established between 
dense cores, star formation and outflows (see e.g., the review 
of Andre et al. 2000). From these surveys, it was clearly estab- 
lished that the driving sources of outflows are usually embedded 
in the high-density gas, which is traced by the NH3 emission, 
and are located very close to the emission peak (Torrelles et al. 
1983; Anglada et al. 1989). Following these results, Anglada et 
al. (1997) (hereafter Paper I) undertook a survey of dense cores 
to investigate the relationship between the type of outflow and 
the dense gas associated with their exciting sources. A statis- 
tical study of the sources observed in that survey reveals that 
the ammonia emission is more intense toward molecular outflow 
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sources than toward sources with only optical outflows, indicat- 
ing that molecular outflows are associated with a larger amount 
of high-density gas. From this result, a possible evolutionary 
scheme was suggested in which young objects associated with 
molecular outflows progressively lose their neighboring high- 
density gas, while both the NH3 emission and the molecular out- 
flow become weaker in the process, and the optical jets become 
more easily detectable as the total amount of gas and extinction 
decreases. In this sense, the observations of high-density tracers, 
such as the NH3 molecule, confirm the decrease of high-density 
gas around the stars. 

We present here new ammonia observations. Additional re- 
gions allow us to obtain a sample of outflow regions observed 
in ammonia that doubles the number used in Paper I. We se- 
lected a sample of 40 star-forming regions, taking into account 
the presence of molecular outflows, optical outflows, or both, 
and mapped with the Haystack 37 m telescope the NH3 emis- 
sion around the suspected outflow exciting sources. In Sect.|2]we 
describe the observational procedure, in Sect. [3] we present the 
observational results (the discussion of individual sources is pre- 
sented in Appendix A), in Sect. |4] we discuss the global results, 
in Sect. |5]we describe the relationship between the high-density 
gas and the nature of the outflow based on the sample, and in 
Sect. |6] we give our conclusions. 

2. Observations 

We observed the (J, K)-(l,l) and the (/, K)=(2,2) inversion tran- 
sitions of the ammonia molecule with the 37 m radio telescope 
at Haystack Observator>Q in 1993 January, 1996 May and 1997 
December At the frequencies of these transitions (23.6944960 
GHz and 23.7226320 GHz, respectively), the half power beam 
width of the telescope was 1 '4 and the beam efficiency at an el- 
evation of 40° was ~ 0.41 for the observations made in 1993 
and ~ 0.33 for the observations made in 1996 and 1997. In 
all the observing sessions, we used a cooled K-band maser re- 
ceiver and a 5 000-channel autocorrelation spectrometer with a 
full bandwidth of 17.8 MHz. The calibration was made with 
the standard noise-tube method. All spectra were corrected for 
elevation-dependent gain variations and for atmospheric attenu- 
ation. The rms pointing error of the telescope was ~ 10". Typical 
system temperatures were ~ 100 K, ~ 140 K and ~ 90 K for the 
observations made in 1993, 1996, and 1997, respectively. The 
observations were made in the position switching mode in 1993 
and 1997 and in frequency switching mode in 1996. During the 
data reduction the observed spectra were smoothed to a velocity 
resolution of ~ 0.1 1 km s"', achieving a Icr sensitivity of 0.2 K 
per spectral channel. 

We searched for ammonia emission in the 40 regions listed in 
Table[T] In all cases, we first made measurements on a five-point 
grid centered on the position given in Table [1] with a full beam 
separation between points. The NH3( 1 , 1 ) line was detected in 27 
sources. The NH3(2,2) line was observed in 15 sources and was 
detected in 10 of them. The observed spectra of the NH3(1,1) and 
NH3(2,2) lines at the position of the emission peak are shown in 
Figs.[I]and|2l 

In Tables |2] and [3] we give the NH3(1,1) and NH3(2,2) line 
parameters obtained from a multicomponent fit to the magnetic 
hyperfine structure at the position of the emission peak. The in- 
trinsic line widths obtained range from ~ 0.3 km s"' to ~ 3.6 
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Fig. 1. Spectra of the {J,K) - (1,1) inversion transition of the 
NH3 molecule toward the positions given in Table |2] for the de- 
tected sources. The vertical axis is the main beam brightness 
temperature and the horizontal axis is the velocity relative to the 
center of the main line (as given in Table|2|. For M120.l-i-3.0-N, 
L1641-S3, HH270/1 10 and IRAS 20050, spectra at two diff^erent 
positions are shown. The spectrum of VI 057 Cyg corresponds 
to the average of positions with detected emission in a five-point 
grid. 



km s ' for the NH3(1,1) Une and from ~ 0.5 km s ' to ~ 3.8 
for the NH3(2,2) line. The values of optical depth obtained are 
in the range 0.1-5 for the NH3(1,1) and 0.1-0.5 for the NH3(2,2) 
line. We also used a single Gaussian fit to the main line to ob- 
tain the main beam brightness temperature at the position of the 
emission peak. The values obtained for the main beam bright- 
ness temperature for the detected sources range from ~ 0.3 K to 
~ 3 K for the NH3(1,1) Une and from ~ 0.2 K to ~ 1 K for the 
NH3(2,2) Hne. 

Additionally, we searched for the 6i6-523 H2O maser line (at 
the frequency of 22.235080 GHz) toward the reference position 
of the six sources listed in Table H] The H2O observations were 
carried out in 1996 May 16 and 17 with the same spectrome- 
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Table 1. Regions observed in NH3 



Region 


Reference Position'^ 


Observation 


Outflow' 


Ref. 


Molecular 


Ref. 


D 


Ref. 


Alternative 




Q'{1950) 


(5(1950) 


Epoch 


Type 




Observations 




(pc) 




Name 


M120.1+3.0-N'- 


UU Zl ZZ.U 


+OJ jU Z4 


1993 Jan 


CO 


1 




- 


850 


1 


- 


M120.1+3.0-S^' 


UU zj jy.o 


+65° 10' 1 1" 


1993 Jan 


CO 


1 




- 


850 


1 


- 


LI 287 


f\n/i 1 1111 z 1^1 
UU 33 DO. J 


1 (CTo 1 TIT' 
+OJ IZ JZ 


1993 Jan 


CO 


2 


HCO+,HCN,CS,NH, 


2,3,4,5 


850 


2 


RNOIB/IC 


LI 293 


nn'' ^"7"' ^T'/i 
UU D / J 1 A 


+oZ 46 ZD 


1993 Jan 


CO 


6 
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6 
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6 


- 
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+56° 17' 28" 
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U4 Id j4.0 


+Zo IZ Ul 
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11 
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U4 Ld jo a 


, OCOCA/AA/' 

+zj jy UU 


1996 May 


jet, CO 


12,13 


- 


- 


160 


12 


DG Tau B 


HH 158 


U4 Z4 Ul.U 


+25°59'35" 


1996 May 


jet 


14 


Co, cs 


15,16 


160 


14 


DGTau 


HH31 


U4 Zj 14.4 


+26° 1 1'04" 


1996 May 


jet, CO? 


11,79 


CS.C'O 


17,18 


160 


23 


- 


HH 265 


U4 Zo Zl.U 


+ 18°05'35" 


1996 May 


HH 


19 


CS,NH3,C"'0 


81 


160 


20 


L1551MC 


L1551 NE 


U4 Zo jU-j 


1 1 QOAT 1 A" 

+ I0 UZ lU 


1996 May 


CO, jet 


21,22 


- 


- 


160 


20 
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LI 642 


U4 Jz jz.U 


— 14° 19' 18" 


1993 Jan 


CO. HH 


23,24 


HCO+.C'O 


25 


200 


25 


HH 123 


LI 634 


AC/j 1 ■T/'i 1 -5SQ 

Uj 1 / Ij.o 


— 05°54'45" 


1996 May, 1997 Dec 


CO,H,,jet 


26,27 


- 


- 


460 


28 


HH240/241,RNO 40 


HH 59 


Uj Zy jZ.U 


— Uo J 1 uy 


1996 May 


HH 


29 


- 




460 


29 


- 


IRAS 05358 


Uj J J 46. 


+35°43'41" 


1993 Jan 


CO 


7 


HCN,HCO+,CS,NH,,C'-'S 


30,31,81 


1 800 


7 


- 


L1641-S3 


Uj J / J 1 . / 


— 07°3 1'59" 


1993 Jan, 1996 May 


CO 


32 


NH,,CS 


33,34 


480 


32 


- 


HH 68 


Uj jy US./ 


— Uo Z / ZU 


1996 May 


HH 


29 






460 


29 
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CB 34 


Uj 44 Uj.U 


+ZU jy u / 


1993 Jan 


CO, jet, Hj 


35,36 


C'O.CS.NHi.HCN 


37,38,39,40 


1500 


41 


HH 290 


HH 270/1 10 


Uj 4o j / .4 


+UZ JD Uj 


1997 Dec 


jet 


42 


C'*0 


83 


460 


42 


L1617 


IRAS 05490 


Uj 4y Uj.Z 


+26° 58' 52" 


1993 Jan 


CO 


7 


CS 


8 


2100 


43 


S242 


HH 111 


Uj 4y uy. 1 


+UZ 4 / 46 


1993 Jan 


CO, jet, H, 


44,45,46 


CS 


47 


460 


44 


L1617 
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A^'' ^ri'" ^Q'' 1 
Uj jU jo. I 


+UZ 4Z 4y 


1996 May 


jet 


44 




- 


460 


44 


L1617 
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Uj jj ZU.j 


+ 16°31'46" 


1996 May 


CO 


7 


CS 


8 


2500 


7 


- 


CB 54 


U / UZ UCr.U 


— 16° 18'47" 


1993 Jan 


CO 


35 


C'"0,CS,HCN 


37,38,40 


1500 


41 


LBN 1042 


LI 709 


10 Zf4 jj.j 


— Zj JD jZ 


1996 May 


CO 


48 


- 


- 


160 


49 


- 


L379 


1 Zo jz.y 


— 15° 17'51" 


1993 Jan 


CO 


32 


C'»0,NH3 


50,51 


2000 


32 


- 


L588 


lo J J U/.o 


— UU JJ 46 


1997 Dec 


CO?, HH 


48,52 


- 


- 


310 


52 


HH 108/109 


CB 188 


19''17"'57.0 


+ ir30'18" 


1993 Jan 


CO 


35 


HCN,CS,C"'0 


40,38,37 


300 


41 


- 


L673^ 


19''18"'30-.8 


+ ir09'48" 


1996 May 


CO 


53 


NH3,CS,C'-'S,HCN 


54,55,56 


300 


57 


RNO 109 


HH 221 


19''26"'37.5 


+09°32'24" 


1 yyyj iviay 


jet 


58 






1 800 


58 


Piirs 3.iTiy 3.n 2 1 


L797 


20''03"'45^.0 


+23n8'25" 


1993 Jan 


CO 


35 


HCN,CS,C'*0 


59,38.37 


700 


41 


CB 216 


IRAS 20050 


20''05"'02':5 


+27°20'09" 


1996 May 


CO 


60 


CS,HCO+,HCN,C"<0 


60,61,78,84 


700 


62 




VI 057 Cyg 


20''57"'06^.2 


+44°03'47" 


1996 May 


CO 


63 






700 


49 




CB 232 


21''35"' 14^:0 


+43°07'05" 


1993 Jan 


CO 


35 


c"*o,cs 


37,38 


600 


41 


B158 


IC 1396E 


2l''39"'lffi3 


+5 8° 02' 29" 


1993 Jan 


CO 


32 


C"'0,CS,NH,,HCN,HC0+ 


64,65,66,10 


750 


32 


GRS 14,1C1396N 


LI 165 


22'' 05"' 09:6 


+58°48'06" 


1997 Dec 


CO, HH 


48,67 






750 


67 


HHL75,HH 354 


IRAS 22134 


22ft 13"' 24^:2 


+5 8° 34' 12" 


1996 May 


CO 


68 


CS.C'^O 


86,88 


2600 


87 


S134 


L1221 


22''26"'37:2 


+68°45'52" 


1996 May 


CO. HH 


69,70 


CS,HCO+,HCN,C'»0 


69 


200 


69 


HH 363 


L125F 


22''37"'40-.8 


+74°58'38" 


1996 May 


CO. HH 


71,72 


NH,,CS,C"'0 


54,55.73 


300 


74 




NGC 7538 


23Ml"'35^.2 


+61° 10' 37" 


1993 Jan 


CO 


75 


HCN,CS,C"S.HCO+ 


76,77.85 


2 700 


75 





Notes. Position where the observations were centered. CO = Molecular outflow; HH = Isolated Herbig-Haro object; jet = Optical outflow; 
H2 = Molecular hydrogen outflow. '"^^ See Paper I for H2O results on IRAS 00213+6530 in this region '''' See Paper I for H2O results on IRAS 
00259+6510 in this region Additional NH3 data were obtained in 1990 February (see Paper I). 
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ter and bandwidth used for the NH3 observations. We reached a 
typical (Icr) sensitivity of 1 Jy per spectral channel. Of the six 
sources observed in H2O, we only detected significant (> 3cr) 
H2O emission in two of them, HH 265 and AFGL 5173. The 
spectra of these H2O masers are shown in Fig. |3] In Table|4]we 
give the maser line parameters obtained from a Gaussian fit. 



3. Results 

In Table |5] we list the physical parameters of the molecular 
condensations, derived from the NH3 data given in Tables |2] 
and |3] following the procedures explained in the footnotes of 
Table |5] We mapped the NH3(1,1) emission in all the detected 
regions, except in V1057Cyg and L1551NE. Maps are shown 
in Figs. lAJllA3] to lAl0llXT2] to lX23] and lA:25] to lA3^ In 
V1057 Cyg the emission is very weak in all positions. The spec- 
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Table 2. NH3(1,1) line parameters 



Region 


Position" 


Vlsr' 


rMR(ni)^ 






AtJ 


N{i, ly 




(arcmin) 


(kms"') 


(K) 


(kms~') 




(K) 


(10" 


cm ^) 


M120.1+3.0-N 


(2.8, 1.4) 


-18.78 ±0.02 


0.89 ± 0.07 


0.90 ± 0.05 


1.7 ±0.3 


1.9 ±0.1 


4.7 - 


- 16.4 




(0,0) 


-20.23 ± 0.01 


0.65 ± 0.04 


1.18 ±0.04 


1.0 ±0.1 


1.06 ±0.05 


3.5 - 


- 12.2 


M120.1+3.0-S 


(0,0) 


-17.41 ±0.02 


0.57 ± 0.05 


1.10 ±0.05 


0.8 ± 0.2 


0.83 ± 0.07 


2.5 


- 9.0 


L1287 


(0,0) 


-17.63 ±0.05 


2.51 ±0.05 


1.77 ±0.01 


0.90 ± 0.03 


3.80 ± 0.04 


18.7 


-30.9 


LI 293 


(0,0) 


-17.67 ±0.01 


1.06 ±0.05 


0.79 ± 0.03 


0.7 ±0.2 


1.7 ±0.1 


3.6 


-7.7 


NGC 281 A- W 


(0,0) 


-30.32 ± 0.04 


0.54 ± 0.07 


2.2 ±0.1 


1.3 ±0.3 


0.93 ± 0.07 


5.6- 


-27.0 


HH 156 


(0,0) 


- 


<0.2 


- 


- 


- 






HH 159 


(0,0) 


- 


<0.4 


- 


- 


- 






HH 158 


(0,0) 


- 


<0.3 


- 


- 


- 






HH31 


(-7,0) 


+6.86 ± 0.01 


2.2 ±0.1 


0.42 ± 0.01 


2.6 ±0.2 


6.7 ±0.3 


7.7- 


- 16.1 


HH265 


(-1.4, 1.4) 


+6.68 ±0.01 


1.9 ±0.1 


0.40 ± 0.02 


2.5 ± 0.3 


5.7 ± 0.4 


6.3 - 


- 14.0 


L1551 NE 


(0,0) 


+6.64 ± 0.02 


0.79 ± 0.09 


0.47 ± 0.03 


5.0 ± 0.8 


3.5 ± 0.4 


4.6- 


-22.6 


LI 642 


(0,0) 


- 


< 0.1 


- 


- 


- 






LI 634 


(1.4,0) 


+8.00 ± 0.01 


1.4 ±0.1 


0.81 ± 0.04 


0.6 + 0.2 


2.0 ± 0.2 


4.6 


-8.5 


HH59 


(0,0) 


- 


< 0.3 


- 


- 


- 






IRAS 05358 


(0,0) 


-16.89 ±0.01 


1.44 ±0.05 


2.32 ± 0.03 


0.67 ± 0.07 


1.95 ±0.05 


12.6 


-24.6 


L1641-S3 


(0,0) 


+4.96 ± 0.01 


2.0 ±0.1 


0.68 ± 0.04 


1.3 ±0.3 


3.9 ± 0.3 


7.4- 


- 14.4 




(-2.8,0) 


+3.76 ± 0.01 


1.8 + 0.2 


0.30 ± 0.02 


3.3 ± 0.5 


7.0 ± 0.3 


5.8- 


- 13.2 


HH68 


(0,0) 


- 


<0.3 


- 


- 


- 






CB34 


(0,0) 


+0.72 ± 0.02 


0.77 ± 0.06 


1.37 ±0.06 


0.4 ± 0.2 


0.99 ± 0.07 


3.8 


-8.3 


HH 270/110 


(0,0) 


+8.86 ±0.02 


0.67 ± 0.06 


0.65 ± 0.04 


1.3 ±0.3 


1.3 ±0.1 


2.4 


- 8.9 




(-2.8,0) 


+8.70 ±0.03 


0.8 ±0.1 


0.8 ±0.1 


0.4 ±0.5 


1.1 ±0.2 


2.6 


-4.8 


IRAS 05490 


(0,0) 


+0.78 ±0.03 


0.41 ±0.05 


1.5 ±0.1 


0.1 ±0.4 


0.45 ± 0.02 


1.9 


-3.0 


HH ill 


(0,0) 


+8.72 ± 0.02 


0.56 ± 0.06 


0.78 ± 0.08 


0.4 ± 0.3 


0.7 ±0.1 


1.6 


-3.9 


HH 113 


(0,0) 


- 


< 0.4 


- 


- 


- 






AFGL5173 


(0,0) 


- 


<0.2 


- 


- 


- 






CB54 


(0,0) 


+19.55 ±0.01 


0.73 ± 0.04 


1.14 ±0.04 


0.8 ± 0.2 


1.11+0.06 


3.5- 


- 10.8 


L1709 


(0,0) 


- 


<0.4 


- 


- 


- 






L379 


(0,0) 


+18.89 + 0.01 


2.87 ± 0.05 


2.84 ± 0.02 


1.86 ± 0.03 


5.98 ± 0.05 


47.2 


-87.9 


L588 


(0,0) 


+10.86 ±0.02 


1.3 ±0.1 


0.58 ± 0.04 


2.4 ± 0.4 


3.5 ± 0.3 


5.6- 


- 16.4 


CB 188 


(0,0) 


- 


< 0.2 


- 


- 


- 






L673 


(0,-1.4) 


+7.11+0.01 


2.5 ±0.1 


0.41+0.1 


2.5 ± 0.3 


7.5 ± 0.4 


8.4- 


- 16.3 


HH221 


(0,0) 


- 


< 0.2 


- 


- 


- 






L797 


(0,0) 


- 


< 0.2 


- 


- 


- 






IRAS 20050 


(0,-1.4) 


+6.86 ± 0.02 


1.7 ±0.2 


0.93 ± 0.04 


3.4 ± 0.3 


5.6 ± 0.4 


14.4 


-38.7 




(-1.4, 1.4) 


+5.06 ± 0.02 


1.8 + 0.2 


0.96 ± 0.04 


0.8 ± 0.2 


2.6 ± 0.2 


7.1 - 


- 13.1 


VI C\'>1 Cvo'' 

V lUJ / 


CO O'l 


+4 "^n + n 04 


n ^ + n 1 


+ n no 




n — n 7J 


0.5- 


-14.5 


CB 232 


(0,0) 


+12.32 + 0.02 


0.58 ± 0.05 


0.68 ± 0.04 


1.8 ±0.3 


1.3 ±0.1 


2.5- 


-11.8 


IC 1396E 


(0,0) 


+0.53 ± 0.02 


0.86 ± 0.05 


1.89 ±0.04 


0.8 ±0.1 


1.22 ±0.05 


6.1- 


- 16.6 


LI 165 


(0,0) 


-1.64 ±0.04 


0.35 ± 0.08 


0.6 ±0.1 


3± 1 


0.9 ± 0.2 


1.6- 


- 13.4 


IRAS 22134 


(0,0) 


-18.62 ±0.04 


0.55 ± 0.09 


I.2±0.1 


0.4 ±0.4 


0.7 ±0.1 


2.3 


-6.0 


L1221 


(0,0) 


-4.36 ±0.01 


2.5 ±0.1 


0.71 ±0.01 


2.1 ±0.1 


6.1 ±0.2 


12.1 


-23.4 


L1251* 


(0,0) 




< 0.2 












NGC 7538 


(0,-1.4) 


-56.22 ± 0.02 


1.9 ±0.1 


3.57 ± 0.05 


0.35 ± 0.06 


2.32 ± 0.06 


23.1 


-32.8 



Notes. Position of the emission peak, where line parameters were obtained (in offsets from the position given in Table 1). Velocity of 
the line peak with respect to the local standard of rest. Main beam brightness temperature of the main line of the transition, obtained from 
a single Gaussian fit. For undetected sources a 3cr upper limit is given. Intrinsic line width, obtained taking into account optical depth and 
hyperfine broadening, but not the spectral resolution of the spectrometer. Optical depth of the main line derived from the relative intensities of 
the magnetic hyperfine components, '■f^ Derived from the transfer equation, where A = fUiT^^) - 7(7bg)] is the "amplitude" (Pauls et al. 1983), / 
is the filling factor, T^x is the excitation temperature of the transition, Ty,g is the background radiation temperature and J{T) is the intensity in units 
of temperature. Note that A ^ fT^^, for Tex » 7bg Beam-averaged column density for the rotational level (1, 1). Upper limit is obtained from 



A'(l,l) 



cm" 



g(1.14/T„) , 1 

1-582 10" ;(m75^r„ 



Ay 



km s" 



where Tex is derived from the transfer equation assuming a filling factor / = 1. If Tex » Tbg the beam averaged colunm density is proportional to 
the "amplitude" A, and the explicit dependence on Tex disappears, reducing to 



mil) 



= 2.782 10" [^] 



Ay 



km s"' 



providing the lower limit for the beam-averaged column density (e.g., Ungerechts et al. 1986). Line parameters were obtained by averaging 
several positions of a five-point map. Obtained by adopting a 3cr upper limit for the intensity of the satellite lines. The highest value is 
obtained from the upper limit of and the lowest value is obtained assuming optically thin emission. This region was observed and mapped in 
Paper I. The undetection refers to the new observed positions. 
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Table 3. NH3(2,2) line parameters 



Region 



Position" 
(arcmin) 



(kms-') 



(K) 



AV' 
(kms-') 



At J N(2,2y 
(K) 



M120.1+3.0-N 


(2.8, 1.4) 


-18.4 


± 0.1 


0.15 


± 


0.06 


0.9 H 


t 


2 


0.2 


±0 


1 


0.17 


±0.03 


0.2 - 


- 0.7 




(0, 0) 






< 





2 






















L1287 


(0, 0) 


-17.57 


± 0.02 


0.98 


± 


0.05 


1.93 H 


t 


04 


0.27 


±0 


04 


1.13 


±0.02 


2.9 - 


- 4.8 


LI 293 


(0, 0) 






< 





2 






















HH 31 


(-7,0) 


6.94 ± 


0.04 


0.24 


± 


0.06 


0.51 H 


t 


08 


0.1 




0.27 


±0.04 


0.2 - 


- 0.4 


HH265 


(-1.4, 1.4) 






< 





2 






















IRAS 05358 


(0,0) 


-16.79 


±0.04 


0.7 


± 


0.1 


2.6 H 


tO 


1 


0.28 


±0 


05 


0.83 


±0.02 


2.8- 


-5.5 


L1641-S3 


(0,0) 


+5.1 : 


tO.l 


0.3 


± 


0.1 


1.2 H 


tO 


1 


0.1 


±0 


1 


0.30 


±0.03 


0.5- 


- 1.0 


CB 34 


(0,0) 






< 





1 






















CB 54 


(0,0) 






< 





2 






















L379 


(0,0) 


+ 18.80 


±0.02 


1.3 


± 


0.1 


3.45 H 


to 


05 


0.53 


±0 


02 


1.7 ±0.02 


7.7- 


14.3 


IRAS 20050 


(0,0) 


+6.46 : 


t0.05 


0.7 


± 


0.1 


1.9 H 


to 


1 


0.5 


±0 


1 


0.93 


±0.04 


2.3- 


-5.5 


CB 232 


(0,0) 






< 





1 






















IC 1396E 


(0,0) 


+0.42 ± 0.06 


0.33 


± 


0.06 


2.4 H 


to 


2 


0.23 


±0 


06 


0.37 


±0.02 


1.2- 


-3.2 


L1221 


(0,0) 


-4.49 : 


t0.03 


0.5 


± 


0.1 


1.0 H 


to 


1 


0.19 


±0 


03 


0.55 


±0.03 


0.7- 


- 1.4 


NGC 7538 


(0,0) 


-56.91 


±0.03 


0.76 


± 


0.05 


3.8 H 


to 


1 


0.13 


±0 


07 


0.81 


±0.01 


4.0- 


-5.9 



Notes, '■"-''•■f See footnotes of Table 2. '■''> Optical depth of the (2,2) main line derived from the ratio of the (1,1) to (2,2) antenna temperatures 
and the optical depth of the (1,1) line, assuming the same excitation temperature for both transitions. Beam-averaged column density for the 
rotational level (2,2). Upper limit is derived from 



A^(2,2) 



= 7.469 10' 



e"-"'/^°> + l^ 
g(i.i4/rcx) _ 1 



AV 



km s 



assuming that both filling factor and excitation temperature are the same for the (1,1) and (2,2) transitions. If T^^ » T^g, the beam-averaged column 
density is proportional to the "amplitude" A, and the explicit dependence on Tex disappears, reducing to 



A'(2,2) 



1.312 10 



13 







1^1 


km s"' 



providing the lower limit for the beam-averaged column density (e.g., Ungerechts et al. 1986). 



0.5 




NH3(2,2) t 


L379 




: 1 1 1 1 1 


III 

L1387- 


NGC 7538" 




IRAS 05358: 

1 1 1 1 : 


III 

1 1 1 1 1 1 


III 

IRAS 20050 


1 1 1 1 1 1 1 1 1 

L1221 


1 1 1 1 


IC 1396E 

1 1 1 1 ! 




III 

L1641 S3_ 


1 1 1 1 1 1 1 1 1 

M120.H3.0 Nj 
1 (2,8,1.4) 


1 1 1 1 


HH 31J 



V (km i 



V (km s ) 



-20 _ 20 

V (km s ') 



Fig. 2. Same as Fig. [T] for the (J, K)-{2,2) inversion transition 
toward the positions given in Table [3] 



HgO MASER 


AFGL 5173 


1 , < < 1 . 


1 , , - 



-20 30 

Velocity (km/s) 




-20 
Velocity (km/s) 



trum of this region shown in Fig. [J] and the physical parameters ^'S-^- .^P^'^^^^^f ]^^^. ^^u" 

listed in Table S were obtained by averaging several points of *^ .""^gi""^. .^65 (bottom) and AFGL 5173 (top) toward the 

a five-point map. In L155 INE, we detected strong NH3 emis- P°^"i°"^ 8^^^" Tableg] 
sion in four positions, but we were not able to map the region 
(see § IA.8b . A summary of the relevant information, taken from 
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Table 4. H2O maser line parameters 



Region 



Position" Vlsr* 5/ 

(arcmin) (kms"') (Jy) 



M120.1+3.0-N (2.8,1.4) 



HH 265 

L1634 
L1641-S3 
AFGL5137 
L1221 



(0,0) 
(0,0) 
(1.4,0) 
(0,0) 
(0,0) 
(0,0) 



-9.13: 
-7.14: 



0.07 
0.07 



+6.92 ± 0.02 



< 1 
2.2 ± 0.6 
2.1 ±0.6 

< 1.5 

< 1 
11 ± 1 

< 1.8 



Notes. Obtained from a Gaussian fit to the line profiles observed on 
May 1996. 

Position observed where line parameters have been obtained (in off- 
sets from the position given in Table 1). Velocity of the line peak 
with respect to the local standard of rest. '''' Flux density of the line 
peak. For undetected sources a 3cr upper limit is given. '''' Full width at 
half maximum. 



the literature, about the sources associated with these regions is 
given in Table |6] 

We detected maser emission in the regions HH265 and 
AFGL 5173 (see Table g]). The position of the maser in AFGL 
5173 coincides with that of IRAS 05553+1631, so that the maser 
could be excited by the IRAS source. We detected significant 
maser emission in the velocity range from 6.5 to 7.2 km s"'. 
Brand et al. (1994) detected highly variable H2O emission to- 
ward this source between 1989 March and 1991 January in the 
velocity range from -7.6 to 13.1 km s"' . However no NH3 emis- 
sion was detected toward the source AFGL 5173 (see Table |2]). 
The results for individual sources are presented in Appendix A. 



4. General discussion 

4.1. Location of the exciting sources of tlie outflows 

Through the (J, K) - (1,1) and (2, 2) inversion transitions of the 
ammonia molecule we studied the dense gas in a sample of 40 
regions with signs of star formation, as indicated by the presence 
of outflow activity. We detected ammonia emission in 27 regions 
and mapped 25 of them. This high ratio of detections (67, 5%) 
is a clear indication of the strong association between outflow 
activity and NH3 emission. This result also confirms the young 
nature of the powering sources of the outflows included in our 
sample, because they appear to be still associated with (and most 
of them embedded in) the dense gas from which they have been 
formed. 

In almost all the molecular outflow regions that we mapped 
in NH3, the emission peaks close (< 0.1 pc) to the position of 
an object that was previously proposed as an outflow driving 
source candidate. The association with the ammonia emission 
peaks gives further support to the identification of these candi- 
dates as the outflow driving sources, following the criterion pro- 
posed by Anglada et al. (1989). The region IRAS 05490+2658 
is the only region associated with a molecular outflow where the 
NH3 emission maximum is far (~ 0.7 pc) from the position of the 
proposed exciting source; since the NH3 emission peaks close to 
the center of symmetry of the outflow, for this region we suggest 
that the exciting source could be an undetected embedded object 
located close to the NH3 emission maximum. 



For the sources of our sample that are only associated with 
optical signs of outflow the NH3 emission is generally weak. 

Among the nine proposed exciting sources of optical outflow 

that we observed, only HH270 and HH290 IRS are found close 
(kms"') to an ammonia emission peak. In all the other cases, ammonia 
emission is not detected or there is no known object near the 
1.1 + 0.2 ammonia maximum that could be a good candidate to drive the 
0.9 ± 0.2 optical outflow. 



61 + 06 ^-^^ Physical parameters of the dense cores 

' The sizes of the condensations mapped in NH3 generally range 

from ~ 0.1 pc to ~ 1 pc. A somewhat higher value of 2 pc is 
obtained for the regions NGC 281 A-W, IRAS 22134+5834 and 
NGC 7538, the most distant sources of our sample. We found 
evidence that several of the condensations mapped are elon- 
gated (as was noted by Myers et al. 1991). However, in many 
regions our angular resolution is not good enough to allow us 
to further discuss the morphology of the sources. A high an- 
gular resolution interferometric study may be relevant for the 
sources of our sample that appear compact in our present single- 
dish study. Nevertheless, in several of the mapped regions (L673, 
M120.1+3.0-N, IRAS 20050+2720 and L1293), we can distin- 
guish several clumps in the observed NH3 structure. In particu- 
lar, in the regions M120.1+3.0-N and IRAS 20050+2720, two 
clumps with different velocities, but gravitationally bound, can 
be identified. 

For the values of the kinetic temperature obtained for these 
regions (see Table|5]l, the expected thermal line widths are < 0.2 
km s"'. This value is significantly lower than the intrinsic line 
widths we have obtained, which range from 0.3 to 3.8 km s"' (see 
Table |2]i. This result suggests that the star formation process 
probably introduces a significant perturbation in the molecular 
environment. The lower value for the intrinsic line width is found 
in the component at Vlsr - 3.8 km s"' of the L1641-S3 region, 
whose line widths are almost thermal. Although toward the posi- 
tion of the source IRAS 05375-0731 both the 3.8 km s ' a nd 4.9 
km s"' ammonia components are observed, we argue in S IA.llI 
that only the broad line emission at 4.9 km s"' is likely associ- 
ated with this YSO, while no embedded sources are known to be 
associated with the narrow line emission at 3.8 km s"'. 

The highest value of the line width is obtained for NGC 
7538, which is also the region with the highest value of the mass 
and kinetic temperature of our sample. In general, we found that 
the more massive regions present higher values of the line width 
(see Tables 12] and |5]l. Also, higher values of the line width are 
found for the most luminous sources (see Table|6]l. In Fig.|4]we 
plot the luminosity of the sources as a function of the nonthermal 
line width (subtracting the thermal component using the derived 
rotational temperature of the region), for the sources observed 
in this paper and in Paper I. But because our sample of sources 
is limited by the sensitivity of the telescope, the most luminous 
sources are located mainly at larger distances than the less lu- 
minous. In order to avoid this bias of luminosity with distance, 
we limited our analysis to sources closer than 1 kpc. We found 
that the luminosity and the nonthermal line width are related by 
log(Lboi/i0) = (3.6 + 0.9) log(Ayn,h/km s"') + (1.8 + 0.2) with 
a correlation coefficient of 0.7. A similar correlation was found 
by Jijina et al. (1999). This correlation indicates that the most lu- 
minous sources produce a large perturbation in the surrounding 
material. 

We also note that regions associated with CO molecular out- 
flow have mostly higher values of the line width than regions 
with optical outflow only. 
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Table 5. Physical parameters of the NH3 condensations 



Region 


Size" 


T" b 
^ rot 


N(H2) 




My/ 


n(H2y 




(arcmin) 


(PC) 


(K) 


/ia22 ^.^—2\ 

(Hr cm ) 


(Mq) 


(Mq) 


/I a3 — 3\ 

(10 cm ^) 


M120.1+3.0-N (2:8, i;4) 


j.y X Z. / 


U.VO X U.O / 


11.2 


1.7-6.1 


142 - 500 


68 


3.4 


M120.1+3.0-N (0,0) 


Q n T n 
i.U X Z.U 


U. Id X U.jU 


< 15 


> 0.9 


> 45 


89 


~ 2.6 


M120.1+3.0-S 


i. 1 X ZA 


U.yi X v.jy 


~ 13.5 


0.7 - 2.7 


51-181 


92 


~ 2.8 


L1287 


i.o X i.y 


l\ rvQ v.^ r\ /I 

u.yj X U.4o 


17.4 


4.6-7.6 


259 - 429 


220 


11.3 


L1293 


2.7 X 2.0 


1.26 X 0.94 


< 13 


> 1.1 


> 168 


71 


-7.7 


NGC 281 A-W 


I.y X 1.0 


l.i5o X l.OZ 


~ 20 


1.3-6.2 


505-2413 


871 


~ 1.3 


HH31 


Z.5 X Z.U 


U.l 1 X U.Uo 


9.7 


3.7 - 7.6 


4-9 


2 


12.4 


HH265 


4.Z X I.i 


U.2U X U. 1 1 


< 9 


> 3.3 


> 9 


2 


~ 11.3 


L1551 NE 


1.4 X 1.4 


U.U/ X U.U/ 


~ 25 


1.0-5.1 


0.6-3 


1.6 


~ 1.1 


LI 634 


2.6 X 2.1 


AT/1 v/AOO 

0.34 X 0.28 


~ 12 


1.6 - 2.9 


19-35 


21 


~ 13.1 


IRAS 05358 


3.1 X I.y 


1 n no 

i.ou X u.ys 


20.6 


2.9 - 5.6 


575- 1 121 


707 


5.9 


L1641-S3(V~4.9km/s) 


3.6 X I.I 


U.33 X U.31 


12.6 


2.4-4.6 


49-96 


20 


10.1 


L1641-S3 {V ~ 3.8 km/s) 


J.O X Z.5 


U.ol X u.3y 


13.5 


1.7 - 3.9 


68 - 157 


5 


6.2 


CB 34 


Z.U XI./ 


0.89 X U.7o 


< 12 


> 1.3 


> 111 


162 


~ 7.8 


HH 270/1 10 (0,0) 


1.4 X 1.0 


A 1 A A '1 1 

u.iy X u.zi 


~ 13.6 


0.7 - 2.6 


3.5-13.3 


9 


-2.5 


HH270/110 (-2:8,0) 


z.o XI./ 


A n A T3 

U.3/ X U.zj 


~ 13.6 


0.8 - 1.4 


8-15 


22 


~ 10.0 


IRAS 05490 


Z.O XI./ 


1 CA vy 1 AC 

i.sy X 1.U3 


~ 15.5 


0.5-0.8 


104- 168 


304 


~ 14.3 


HH 111 


1.0 X 1.5 


A \y A 

U.zZ X U.z3 


~ 13 


0.5 - 1.2 


3-8 


14 


~ 5.6 


CB 54 


1 T 1 /C 

1. / X 1.0 


U. /4 X U.OS 


< 15 


> 1.0 


> 62 


96 


~ 3.3 


L379 


T n 1 n 
Z.U X Z.U 


1 1 ^y 1 1 ^ 

l.lo X l.lo 


17.8 


11.4 - 21.2 


1 948 - 3 628 


982 


7.6 


L588 


4.1 X I.y 


A \y A IT 

U.3 / X U. 1 / 


~ 8 


4.1 - 11.8 


32-94 


9 


~ 7.5 


L673(SE)« 


2.2 X 2.0 


0.19x0.17 


< 12 


> 2.8 


> 12 


3 


~ 10.9 


IRAS 20050(0,-1:4) 


3.1 X 2.0 


0.63 X 0.41 


16.8 


3.6 - 9.7 


117-315 


46 


3.6 


IRAS 20050 (-1:4, 1:4) 


3.0 X 2.0 


0.61 X 0.41 


16.8 


1.8-3.3 


56 - 103 


49 


8.2 


V1057 Cyg 


1.4 X 1.4 


0.29 X 0.29 


~ 10 


0.2 - 6.5 


2-67 


10 


0.3 - 0.7 


CB 232 


2.6 X 2.5 


0.45 X 0.43 


< 11 


> 0.9 


> 23 


21 


~ 2.2 


IC 1396E 


3.2 X 1.9 


0.70 X 0.42 


19.1 


1.4-3.9 


54- 145 


191 


3.2 


LI 165 


3.5x2.3 


0.76 X 0.49 


^ 9 


0.9-7.3 


41-347 


23 


~ 1.3 


IRAS 22134 


3.1 X 2.3 


2.34 X 1.74 


~ 15.8 


0.6-1.5 


310-787 


283 


~ 4.3 


L1221 


2.1 X 2.0 


0.12x0.11 


12.5 


3.9-7.6 


7-13 


6 


10.5 


NGC 7538 


2.5 X 2.4 


1.96 X 1.92 


28.3 


5.3-7.5 


2514-3571 


2 599 


12.2 



Notes. Major and minor axes of the half-power contour of the NH3 emission. For sources L1551 NE and V1057 Cyg the size of the beam 
has been adopted. Rotational temperature, derived from the ratio of column densities in the (1,1) and (2,2) levels (given in Tables 1 and 
2, respectively), for the sources where the (2,2) line was detected. For the sources undetected in the (2,2) Une, an upper limit was obtained 
assuming optically thin emission. For sources not observed in the (2,2) line, we assumed that Tex (CO) = Trot{22 - 11) = T^, where the CO 
data are from Yang et al. 1990 (M120.1+3.0-S), Henning et al. 1994 (NGC 281 A-W), Moriarty-Schieven et al. 1995 (L1551 NE), Reipurth & 
Oldberg 1991 (HH 270/110 and HH 111), Snell et al. 1990 (IRAS 05490), Parker et al. 1991 (L588 and LI 165), Levreault 1988 (V1057 Cyg) 
and Dobashi et al. 1994 (IRAS 22134). For L1634, Ty„t = 12 K has been adopted. Beam-averaged H2 column density, obtained from the NH3 
column density adopting an NH3 abundance of [NH3/H2]= 10"* (see Anglada et al. 1995 for a discussion on NH3 abundances). The NH3 column 
density is obtained assuming that only the rotational metastable levels of the NH3 are significantly populated at their LTE ratios corresponding to 
Ti, = Tit(22 -11).** Mass of the condensation, derived from the beam-averaged H2 column density and the observed area. Virial mass obtained 
from [Mvir/MQ]=210[/?/pc][AV/km s"']^, where R is the radius of the clump, taken as half the geometrical mean of the major and minor axes, and 
AV is the intrinsic line width given in Table 2. *^ Volume density, derived from the two-level model (Ho & Townes 1983). Parameters of the 
southeastern clump. Parameters of the northwestern clump are given in Paper I. 



Partly because of our lack of angular resolution, we are not 
able to measure the velocity gradient in our regions in detail. 
However, it is remarkable that in LI 287 our results show a strong 
velocity gradient with sudden velocity shifts of up to ~ 1 km s"' 
between contiguous positions. A high angular resolution VLA 
study of this region (Sepulveda et al. in preparation) shows that 
this region also exhibits a complex kinematics at small scale. 
Moreover, in two cases (M120.l-i-3.0-N and IRAS 20050-1-2720) 
the observed velocity distribution is compatible with two clumps 
that are gravitationally bound. The region L1641-S3 exhibits two 
velocity components separated by ~ 1 km s~^ that we interpreted 
as two distinct clumps of emission. 

The H2 column densities we obtained are generally ~ lO^'^ 
cm"^ (assuming [NHs/Ha]^ 10"**), implying mean visual extinc- 
tions of ~ 10 mag. For L379 we obtained the highest H2 column 



density (~ 10^^ cm ^, corresponding to a visual extinction of 
~ 100 mag), suggesting that this object is very deeply embed- 
ded. 

The masses we obtained for the observed regions cover a 
wide range of values, from 1 to 3000 Mq (the highest value 
corresponds to the NGC 7538 region). Most of the sources of 
our sample are low-mass objects, and the values of the mass ob- 
tained for their associated high-density cores are smaller than 
100 Mq. In general, the values derived for the mass coincide 
with the virial mass within a factor of 3. This overall trend sug- 
gests that most of the observed condensations are near the virial 
equilibrium and that the assumed NH3 abundance is adequate. 
However, we found four sources (HH 265, L588, L673, IRAS 
20050-H2720) for which the derived mass exceeds the virial mass 
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Table 6. Summary of properties of relevant sources in the regions detected in NH3 



Region 


IRAS 




Ref. 


Evolutionary 


Ref. 


Detection at 


Ref. 


H2O 


Ref. 


Outflow 


Ref. 






(Lq) 




status 




other wavelengths 




maser? 




source? 




M120.1+3.0-N 


00213+6530 


12.9 


1 






mm,cm 


109 


Yes 


2 


Yes 


1 




UUzl /+d533 


12.0 


1 
















3 


M120.1+3.0-S 


00259+6510 


9.9 


1 










No 


4 


Yes 


1 




00256+651 1 


20.3 


1 












" 




3 


LI 287 


A A TOO 1 /; T 1 T 

00338+6312 


1 800 


5 


Class 1?° 


6 


NlR,MlR,smm,mm,cm 


"7 AC A 1 A 

7,95,8,9,10 


Yes 


6 


; 


1 1 


LI 293 


AATTA 1 el'^AO 

003 /y+6248 


< 21 


12 










Yes 


13 


Yes 


12 


NGC ZQl A-W 


00494+5617 


8 790 


14 


" 


" 


NIR,FIR,mm 


7,15,14 


Yes 


16 


Yes 


1 1 


HH 31 


04248+2612 


0.36 


17 


Class 1 


17 


NlR.FlR,smm,mm 


1 ^7 10 1 A '^A 

17,18,19,20 


No 


13 


Yes 


21 


1 1CC1 Mr7 

LIjjI JNb 


04288-1802 


3.9 


22 


Class 


23 


NlR,smm,mm,cm 


A 1 A OA tC 

24,19,20,25 






Yes 


23 


LI 634 


AC 1 "71 ACCC 

051 /3-0555 


17 


26 


Class 


27 


NlR,FlR,smm,mm,cm 


00 1 OA A OT 

Z8,18,Z9,24,2/ 


No 


30 


Yes 


28 




IRS l'-' 


0.03'~ 


27 


Class 1/0 


27 


NIR,smm 


28,27 






Yes 


28 


IRAS 05358 


05358+3543 


6 300 


31 


Herbig Ae/Be?" 


32 


N IR, MIR, smm, mm 


33,32,104,96,31 


Yes 


34 


Yes 


1 1 


L1641-S3 


/■\CO^C A^O T 

05375-0731 


100 


35 


Class 1 


36 


NlR,FlR,smm,mm,cm 


0^ 0^ OA OC 00 

36,37,29,35,38, 


Yes 


39 


Yes 


40 


CB 34 


r\C A Ar\ 1 '^ACA 

05440+2059 


130 


41 


Class 1 


42 


NlR,smm,mm,cm 


42,43,41,44 


Yes 


58 


Yes 


45 


HH 270/110 


AC ■! 1 ATCC 

05487+0255 


7 


46 


Class 1 


46 


NlR,FlR,cm 


A'~7 A r' ACl 

47,46,48 


No 


49 


Yes 


46 




AC/IOA 1 A"tc/r 
05489+0256 


5.3 


50 


Class 1 


50 


NlR,mm,cm 


CA AT A 

50,97,48 






Yes 


5 1 


IRAS 054y0 


AC/1AA 1 o/:co 
05490+2658 


4 200 


1 1 


Class 1?" 


7 


JNlR,FlR,cm 


7,15 


No 


16 


Yes 


1 1 


HH 1 1 1 


/■\C/1A1 1 A'^ /I ^ 

0549 1 +0247 


25 


46 


Class 


52 


NIR,smni,mm,cm 


CO o/r c A cc 

53,26,54,55 


No 


30 


Yes 


46 


CB 54 


A^ AO A 1 1 D 

07020-1618 


400 


43 


Class 1 


41 


NlR,MlR,smm,mm,cm 


C/' 1AC vTO A'^ CT 

56,105,42,43,57 


Yes 


58 


Yes 


45 


L379 


1 O'^/TC 1 C 1 "7 

18265—151 / 


16 000 


59 






smm,mm,cm 


59,8 


Yes 


60 


Yes 


40 


L588 


10111 AAK 

lo331— UUjj 


3.7 


26 


Class 1 


61 


MID 


103,61 






" 


61 


IKAo ZUUDU 


zUUjU+Z /ZU 


zuo 


oz 


i^iass u 


03 


MID CID i-^i-n f.m 

iNiK,riK,nini,cm 


d4,0-j,DD,0 I 


les 


Oo 


Yes 


6j 




20049+2721 


236'' 








NlR.cm 


64,67 






7 




V1057 Cyg 


20571+4403 


200 


69 


FUOr 


70 


NlR,lR,FlR,cm,mm,smm 


71,72,73,74 


Yes 


75 


Yes 


76 


CB 232 


21352+4307 


14 


41 


Class I 


42 


NlR,mm,smin 


42,41,77 


Yes 


58 


Yes 


45 


IC 1396E 


21391+5802 


440 


78 


Class 


78 


NlR,FIR,i'ni'n,smm,cm,X-ray 


79,80,78,98,106 


Yes 


34 


Yes 


40 


L1165 


22051+5848 


120 


81 


Class 1/FU Or 


81 


NIR 


81,82 


No 


83 


Yes 


84,85 


IRAS 22134 


22134+5834 


7 943 


111 






NlR.FlR.mm 


107,86,108 


No 


110 


Yes 


86 


L1221 


22266+6845 


2.7 


87 


Class 1 


102 


NlR.mm 


103,99 


No 


88 


Yes 


87 


NGC 7538 


IRS 1-3'' 


- 250000 


89 






NlR,FIR,mm 


89,90 


Yes 


91,92 


Yes 


93 




IRS 9'' 


- 60000 


89 






NlR,FlR,mm,cm,smm 


89,100,101 


Yes 


92 


Yes 


93 




IRS 1 1* 


10000 


67 






FlR,mm,smm 


89,90 


Yes 


92 


Yes 


93 



Notes. Probably young massive star/stars. NIR source. No IRAS source at this position. Submillimeter luminosity. IRAS luminosity. 

References. (1) Yang et al. 1990; (2) Han et al. 1998; (3) this work; (4) Anglada, Sepijlveda & Gomez 1997; (5) Moorkeja et al. 1999; (6) Fiebig 
1997; (7) Carpenter et al. 1993; (8) McCutcheon et al. 1995; (9) McMuldroch et al. 1995; (10) Anglada et al. 1994; (11) Snell et al. 1990; (12) 
Yang 1990; (13) Wouterloot et al. 1993; (14) Henning et al. 1994; (15) Carpenter, Snell & Schloerb 1990; (16) Henning et al. 1992; (17) Gomez 
et al. 1997; (18) Cohen et al. 1985; (19) Padgett et al. 1999; (20) Moriarty-Schieven et al. 1994; (21) Strom et al. 1986; (22) Chen et al. 1995; 
(23) Devine, Reipurth & Bally 1999; (24) Hoddap & Ladd 1995; (25) Rodriguez, Anglada & Raga 1995; (26) Reipurth et al. 1993; (27) Beltran 
et al. 2002a; (28) Davis et al. 1997; (29) Dent et al. 1998; (30) FeUi, Palagi & Tofani 1992; (31) Beuther et al. 2002; (32) Porras et al. 2000; (33) 
Yao et al. 2000; (34) Tofani et al. 1995; (35) Zavagno et al. 1997; (36) Chen & Tokunaga 1994; (37) Price, Murdock & Shivanandan 1983; (38) 
Morgan et al. 1990; (39) Wouterloot & Walmsley 1986; (40) Wilking et al. 1990; (41) Launhardt & Henning 1997; (42) Yun & Clemens 1995; (43) 
Launhardt, Ward-Thompson & Henning 1997; (44) Yun et al. 1996; (45) Yun & Clemens 1994a; (46)Reipurth & Olberg 1991; (47) Garnavich et 
al. 1997; (48) Rodriguez et al. 1998; (49) Palla et al. 1993; (50) Reipurth, Raga & Heathcote 1996; (51) Reipurth et al. 1996; (52) Cernicharo, Neri 
& Reipurth 1997; (53) Gredel & Reipurth 1993; (54) Stapelfeldt &l Scoville 1993; (55) Rodriguez &l Reipurth 1994; (56) Yun & Clemens 1994b; 
(57) Moreira et al. 1997; (58) Gomez et al. 2006; (59) Kelly & Macdonald 1996; (60) Codella, FeUi & Natale 1996; (61) Chini et al. 1997; (62) 
Gregersen et al. 1997; (63) Bachiller, Fuente & Tafalla 1995; (64) Chen et al. 1997; (65) Di Francesco et al. 1998; (66) Choi, Panis & Evans II 
1999; (67) Anglada, Rodriguez c& Torrelles 1998a; (68) Brand et al. 1994; (69) Kenyon 1999; (70) Herbig 1977; (71) Greene c& Lada 1977; (72) 
Kenyon &l Hartmann 1991; (73) Rodriguez & Hartmann 1992; (74) Weintraub, Sandell & Duncan 1991; (75) Rodriguez et al. 1987; (76) Evans 
II et al. 1994; (77) Huard et al. 1999; (78) Sugitani et al. 2000; (79) Wilking et al. 1993; (80) Saraceno et al. 1996; (81) Reipurth & Aspin 1997; 
(82) Tapia et al. 1997; (83) Persi, Palagi & FeUi 1994; (84) Parker et al. 1991; (85) Reipurth et al. 1997; (86) Dobashi et al. 1994; (87) Umemoto 
et al. 1991; (88) Claussen et al. 1996; (89) Werner et al. 1979; (90) Akabane et al. 1992; (91) Genzel & Downes 1977; (92) Kameya et al. 1990; 
(93) Kameya et al. 1989; (94) Minchin & Murray 1994; (95) Quanz et al. 2007; (96) Leurini et al. 2007; (97) Choi & Tang 2006; (98) Beltran et 
al. 2002b; (99) Lee & Ho 2005; (100) Sanchez-Monge et al. 2008; (lOl)Sandell et al. 2005; (102) Lee et al. 2002;(103) Connelley, Reipurth & 
Tokunaga 2007; (104) Longmore et al. 2006; (105) Ciardi & Gomez-Martin 2007; (106) Getman et al. 2007; (107) Kumar et al. 2006; (108) Wu 
et al. 2007; (109) Busquet et al. 2009; (1 10) Sridharan et al. 2002; (111) Williams et al. 2005 



by a large factor (> 5). This result could imply that these clouds 
are still in the process of gravitational collapse. 

Recently, Wu et al. (2010) find a strong correlation between 
the luminosity of a sample of high-mass sources and the mass 
of the cores, traced by several high-density tracers. Although 
their sample spans a wide range of distances, they assume that 
there is no distance effect on the clump masses. In order to 
check this coiTelation, and to ensure that there is no distance 
bias in our sample (see above), we selected sources closer than 1 
kpc. In Fig. |5] we plot the luminosity of the source as a func- 
tion of the mass of the core for the sources observed in this 



paper and in Paper I, using only sources with D < 1 kpc. 
We found that both parameters are related by log(Lboi/i0) = 
(0.8 ± 0.2) log(Mcore/M0) + (0.2 ± 0.3) with a coiTelation coef- 
ficient of 0.6. The coiTelation we found for this sample is lower 
than the value we would obtain for the complete sample, includ- 
ing the more distant sources. Although for the complete sample 
the correlation can be caused by the distance bias of the sam- 
ple (more luminous sources are, in general, more distant), for 
the sources closer than 1 kpc there is still a significant corre- 
lation between luminosity and core mass, and this correlation 
is not caused by any distance bias. This result indicates that the 
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l°g '^^na (km s ') 



Fig. 4. Bolometric luminosity vs. nonthermal line width for the 
observed regions with D < 1 kpc (regions observed in Paper I 
are also included). 




o 
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Fig. 6. Distribution of the NH3 main beam brightness tempera- 
ture (left) and the NH3 column density (right) for sources with 
only molecular outflow (top), sources with both molecular and 
optical outflow (middle), and sources with only optical outflow 
(bottom). 



Fig. 5. Diagram of bolometric luminosity vs. mass of the core 
for the observed regions with D < 1 kpc (regions observed in 
Paper I are also included) 



sources formed in massive clumps can accrete more material and 
form more massive stars that are also more luminous. 



5. Evolutive differences in the outflow sources 

We detected and mapped the NH3 emission in 24 out of 30 re- 
gions associated with molecular outflow in our sample (80%). 
In four of the six regions where we failed in detecting ammo- 
nia emission, the evidence for CO outflow is weak. In the 24 
regions associated with molecular outflow, the NH3 emission is 
usually strong; the ammonia emission is faint (Tmb ^ 0.5 K; see 
Table|2]i only in three regions (IRAS 05490-1-2658, V1057 Cyg 
and L1165). On the other hand, in the regions without molec- 
ular outflow, the ammonia emission is usually undetectable or 
very faint. These results agree well with the results we obtained 
in Paper I, where we studied the relationship between the type 
of outflow and the intensity of the NH3 emission from a small 
sample of sources. 



In order to substantiate the relationship between the type of 
outflow and the intensity of the ammonia emission, here we con- 
tinue the study we began in Paper I, with a more complete sam- 
ple of regions. The sample includes the regions observed in the 
present paper, the sources reported in Paper I, and also the re- 
sults of other Haystack NH3 observations reported in the liter- 
ature. We studied the distribution of the intensity of the NH3 
emission, as measured by the main beam brightness temperature 
toward the outflow exciting source in this large sample of re- 
gions. As the main beam brightness temperature is a good mea- 
sure of the intensity of the NH3 emission only for sources that 
fill the beam of the telescope, we included in the sample only the 
sources whose angular size of the ammonia emission is higher 
than the telescope beam. Thus, we used only sources with D < I 
kpc. 

Our final sample is presented in Table I?] It contains a total 
of 79 sources, with 30 sources associated with only molecular 
outflow, 40 sources associated with both molecular and optical 
outflows and 9 sources with only optical outflow. 

In Fig. |6] (left) we present the distribution of the NH3 main 
beam brightness temperature toward the position of the proposed 
outflow exciting source (Table|7]l for the three groups of sources. 
The mean values of the NH3 brightness temperature are (Tmb) = 
0.42 K for regions with only optical outflow, (Tmb) = 1 .35 K for 
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regions with optical and molecular outflow, and (Tmb) - 1-34 K 
for sources with molecular outflow only. 

Clearly the sources with only optical outflow tend to present 
lower values of the NH3 brightness temperature, while the dis- 
tribution for sources with molecular outflow is shifted to higher 
values of the brightness temperature. The displacement to higher 
values of Tmb is similar for sources with only molecular outflow 
as for sources with both optical and molecular outflow. This was 
an expected result, because recent studies with high sensitivity 
detectors are revealing weak HH objects toward regions of high 
visual extinction, where previous observations failed in the de- 
tection. In our study, we did not take into account differences 
in the brightness of the Herbig-Haro objects or in the strength of 
flie molecular outflow. We conclude, therefore, that the ammonia 
emission is in general more intense in molecular outflow sources 
than in sources without molecular outflow. 

A similar result is obtained for the derived ammonia column 
densities. In Fig. |6] (right) we show the distribution of the de- 
rived ammonia column density (Table |7| for the three groups 
of sources. We note that the distribution for sources with CO 
outflow is shifted to higher values of the NH3 column density, 
while for sources with only HH outflow the distribution tends to 
lower values. The mean values for the NH3 column density are 
(A^(NH3)) = 5.2 X 10'^ cm'^ for regions with optical outflow 
only, (A^(NH3)) = 1.94 x lO'"^ cm"^ for sources with molecu- 
lar and optical outflow and (A^(NH3)) = 2.49 x 10'"* cm"^ for 
sources with molecular outflow only. 

Recently, Davis et al. (2010) find from a study of outflows 
and their exciting sources in the Taurus region that sources driv- 
ing CO outflows have redder near-IR colours than sources driv- 
ing HH jets, and they conclude that CO outflow sources are more 
embedded in the high-density gas than the HH optical outflow 
sources. This result agrees well with ours. 

All these results can be interpreted as an indication that 
molecular outflow sources are younger, since they are associated 
with a larger amount of high-density gas. As the star evolves, the 
surrounding material becomes less dense, decreasing the ammo- 
nia column density, and at the same time making the Herbig- 
Haro objects detectable. At the time when the molecular outflow 
has disrupted and swept out the molecular material surrounding 
the YSO, both the CO outflow and the NH3 column density are 
expected to be weak, and only the Herbig-Haro objects would be 
observable. 

The ammonia emission and the observational appearance of 
outflows trace an evolutive sequence of sources. Molecular and 
optical outflow would be phenomena that dominate observation- 
ally at different stages of the YSO evolution. In younger objects, 
molecular outflows will be prominent, while optical outflows 
will progressively show up as the YSO evolves. 



6. Conclusions 

We detected the ammonia emission in 27 sources of a sample 
of 40 sources associated with molecular and/or optical outflows, 
and we were able to map 25 of them. We also searched for H2O 
maser emission toward 6 sources, and detected new H2O masers 
in HH 265 and AFGL 5173. Our main conclusions can be sum- 
marized as follows: 

1 . In all molecular outflow regions mapped, the NH3 emission 
peak falls very close to the position of a very good candi- 
date for the outflow excitation (except in the case of IRAS 
05490-1-2658 where we propose an alternative location for 



the exciting source). On the other hand, the sources associ- 
ated with optical outflow (except HH 270 IRS and HH 290 
IRS) are not associated with an ammonia emission peak. 

2. Four regions (HH 265, L588, L673 and IRAS 20050-1-2720) 
could be in the process of gravitational collapse at scales > 
0.2 pc, as their derived masses exceed the virial mass by a 
factor > 5. The rest of ammonia condensations appear to be 
close to the virial equilibrium. 

3. In several regions the ammonia structure presents more than 
one clump. In the M120.1+3.0-N and IRAS 20050+2720 re- 
gions, two clumps with different velocities, which are gravi- 
tationally bound though were identified. 

4. We identified a high-density clump where the HH 270/110 
jet can suffer the collision responsible for the deflection of 
the jet. 

5. We were able to separate the NH3 emission from the L1641- 
S3 region into two overlapping clouds, one with signs of 
strong perturbation, probably associated with the driving 
source of the CO outflow, and a second, quiescent clump, 
which probably is not associated with star formation. 

6. In general, the observed NH3 condensations are very cold, 
with line widths dominated by nonthermal (turbulent) mo- 
tions. Among the observed sources, the more massive re- 
gions appear to produce a larger perturbation in their molec- 
ular high density environment. 

7. We found that generally the more luminous objects are asso- 
ciated with broader ammonia lines. A correlation between 
the nonthermal component of the line width and the lu- 
minosity of the associated object, log(L\,o\ / Lq) = (3.6 + 
0.9) log(Aynth/km s"') + (1.8 + 0.2) was found for sources 
with D < 1 kpc. 

8. We found that there is a significant correlation between 
the luminosity of the source and the mass of the core and 
that this correlation is not caused by any distance bias in 
the sample. Both parameters are related by log(Lboi/i'0) = 
(0.8 ± 0.2) log(Mcore/M0) + (0.2 + 0.3). 

9. The ammonia brightness temperature and column density of 
the sources decrease as the outflow activity becomes promi- 
nent in the optical. These results give an evolutive scheme 
in which young objects progressively lose their surrounding 
high-density gas. The ammonia emission and the observa- 
tional appearance of outflows trace an evolutive sequence of 
sources. 
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Table 7. Regions associated with molecular or optical outflow observed in NH3 



Source 
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850 
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CO 
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CO 
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L1448IRS1 


CO.HH 
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350 
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L1448 IRS2 


CO, HH 
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1.8 


4 


350 
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L1448 IRS3 
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HH 86/87/88 


HH 


25 


< 0.2 


< 0.1 


85 


470 


13 


HH 34 


CO, HH 


30,29 


1.3 


1.1 


4 


480 


31 


L1641-N 


CO, HH 


32, 69 


2.2 


2.8 


85 


480 


33 


HH 38-43 


HH 


27 


<0.5 


< 0.5 


4 


480 


31 


Haro 4-255 FIR 


CO 


72 


2.2 


2.1 


4 


480 


31 


L 1 64 1 -S3 (high velocity) 


CO 


1 


2.0 


2.4 


2 


480 


1 


HH68 


HH 


1 


< 0.3 


< 0.4 


2 


460 


1 


B35 


CO 


10 


1.2 


4.0 


11 


500 


34 


HH 26 IR 


CO,HH 


36,35 


2.8 


2.5 


7 


470 


13 


HH 25 MMS 


CO, HH 


75,35 


2.4 


2.1 


7 


470 


13 


NGC 2071 


CO 


37 


2.44 


2.5 


7 


500 


8 


HH 270 IRS 


HH 


1 


0.67 


0.7 


2 


460 


1 


IRAS 05487+0255 


CO 


1 


0.8 


0.7 


2 


460 


1 


HH 111 


CO, HH 


1 


0.56 


0.5 


2 


460 


1 


MonR2 


CO 


38 


1.2 


1.2 


7 


800 


8 


Mon R2-N 


CO 


76 


1.0 


1.0 


7 


800 


8 


GGD 12-15 


CO 


39 


1.52 


2.0 


7 


1000 


8 


RMon 


CO,HH 


40, 35 


<0.5 


< 0.6 


7 


800 


13 


NGC 2264 (HH 14-4/5/6) 


HH 


41 


< 1 


< 1 


4 


800 


13 


HH 120 


CO, HH 


43,77,42 


1.8 


2.5 


44 


400 


45 


LI 709 


CO 


1 


< 0.4 


< 0.6 


2 


160 


1 


L43 


CO 


72 


2.7 


2.2 


4 


160 


46 


LlOO 


CO 


47 


0.5 


0.3-0.5 


85 


225 


48 


L483 


CO 


47 


4.54 


14 


85 


200 


49 


L588 


CO, HH 


1 


1.3 


4.1 


2 


310 


1 


R CrA (HH 100-IR) 


CO, HH 


72,50,79 


2.8 


2.0 


4 


130 


51 


R CrA (IRS 7) 


CO.HH 


72,50,78 


1.6 


1.8 


4 


130 


51 


L673 


CO 


52 


2.1 


> 2.2 


2,85 


300 


3 


CB 188 


CO 


1 


< 0.2 


< 0.4 


2 


300 


1 


HH32a 


CO,HH 


17,35 


< 0.6 


< 0.7 


4 


300 


13 


L778 


CO 


10 


1.8 


6.3 


11 


250 


8 
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Table 7. Continued 



Source 


Outflow 


Ref. 






Ref. 


D 


Ref. 




associated 




(K) 


(lO^^* cm-2) 




(pc) 




B335 


CO, HH 


53,54 


1.2 


7.9 


11 


250 


13 


L797 


CO 


1 


< 0.2 


< 0.4 


2 


700 


1 


IRAS 20050 


CO 


1 


1.7 


3.6 


2 


700 


1 


V1057 Cyg 


CO 


1 


0.3 


0.2 


2 


700 


1 


LI 228 


CO, HH 


55,56 


2.71 


5.3 


85 


300 


56 


V1331 Cyg 


CO, HH 


72,80 


0.5 


2.3 


4 


700 


57 


L1172 


CO 


10 


1.8 


7.9 


11 


440 


8 


CB 232 


CO 


1 


0.58 


0.9 


2 


600 


1 


IC 1396 E 


CO 


1 


0.86 


1.4 


2 


750 


1 


NGC 7129 


CO, HH 


58, 59 


0.52 


0.36 


7 


1000 


13 


HHL73 (IRAS 21429+4729) 


CO 


60 


1.66 


3.2 


85 


900 


61 


HHL73 (IRAS 21432+4719) 


CO,HHL,HH 


60,61,81 


1.25 


1.1 


28 


900 


61 


HHL73 (IRAS 21441+4722) 


CO 


60 


0.7 


> 0.9 


85 


900 


61 




CO,HH 


1 


0.3j 


0.9 


2 


/jO 


1 


S140N (IRAS 22178+6317) 


CO 


32 


0.88 


1.4 


28 


900 


63 


S140N (Star 2) 


CO, HH 


82,62 


1.2 


1.9 


28 


900 


63 


L1221 


CO, HH 


1 


2.5 


3.9 


2 


200 


1 


LI 251 (IRAS 22343+7501) 


CO, HH 


64,65 


0.29 


1.7 


85 


300 


66 


L1251 (IRAS 22376+7455) 


CO,HH 


64,67 


1.71 


3.1 


85 


300 


66 


L1262 


CO 


47 


1.57 


>4.9 


85 


200 


68 



Notes. Regions with distance < 1 kpc. 

" Main brightness temperature at the position of the suspected exciting source. * Lower Umit of the beam-averaged column density at the position 
of the suspected exciting source. 



References. (1) see Table 1; (2) this paper; (3) Herbig & Jones 1983; (4) Anglada et al. 1989; (5) Eiroa et al. 1994a; (6) Snell et al. 1984; (7) 
Torrelles et al. 1983; (8) Fukui et al. 1993; (9) Goldsmith et al. 1984; (10) Myers et al. 1988; (11) Benson & Myers 1989; (12) Strom et al. 1986; 
(13) Reipurth 1994; (14) Elias 1978; (15) Snell et al. 1980; (16) Mundt & Fried 1983; (17) Edwards & Snell 1982; (18) Mundt et al. 1988; (19) 
Eiroa et al. 1994a; (20) Heyer et al. 1987; (21) Edwards & Snell 1984; (22) Jones et al. 1984; (23) Bachiller et al. 1990; (24) Maddalena & Morris 
1987; (25) Reipurth 1989; (26) Bally et al. 1994; (27) Haro 1953; (28) Verdes-Montenegro et al. 1989; (29) Haro 1959; (30) Chernin & Masson 
1995; (31) Genzel et al. 1981; (32) Fukui et al. 1986; (33) Chen et al. 1993; (34) Felli et al. 1992; (35) Herbig 1974; (36) Snell & Edwards 1982; 
(37) Bally 1982; (38) Loren 1981; (39) Rodriguez et al. 1982; (40) Canto et al. 1981; (41) Adams et al. 1979; (42) Cohen & Schwartz 1987; (43) 
Olberg et al. 1989; (44) Persi et al. 1994; (45) Petterson 1984; (46) Chini 1981; (47) Parker et al. 1988; (48) Reipurth & Gee 1986; (49) Ladd et al. 
1991a; (50) Strom et al. 1974; (51) Marraco & Rydgren 1981; (52) Armstrong & Winnewisser 1989; (53) Frerking & Langer 1982; (54) Vrba et 
al. 1986; (55) Haikala & Laureijs 1989; (56) Bally et al. 1995; (57) Chavam'a-K 1981; (58) Loren 1977; (59) Ray et al. 1990; (60) Dobashi et al. 
1993; (61) Gyulbudaghian et al. 1987; (62) Eiroa et al. 1993; (63) Crampton & Fisher 1974; (64) Sato & Fukui 1989; (65) Baldzs et al. 1992; (66) 
Kun & Prusti 1993; (67) Eiroa et al. 1994b; (68) Parker et al. 1991; (69) Reipurth et al. 1998; (70) Bally et al. 1997; (71) Gomez et al. 1997; (72) 
Levreault 1985; (73) Hogerheijde et al. 1998; (74) Tamura et al. (1996); (75) Gibb & Davis 1998; (76) Tafalla et al. 1997; (77) Nielsen et al. 1998; 
(78) Anderson et al. 1997; (79) Whittet et al. 1996; (80) Mundt & Eisloffel 1998; (81) Devine, Reipurth & Bally 1997; (82) Davis et al. 1998; (83) 
Davis et al. 1997; (84) Hoddap & Ladd 1995; (85) Anglada, Sepulveda & Gomez 1997. 
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Appendix A: Results for individual sources 

A.1. M120.1+3.0-North 

This region is associated with a bipolar molecular outflow (Yang 
et al. 1990) and contains several low-luminosity objects. Two of 
these objects, IRAS 00213+6530 and IRAS 00217+6533, fall 
inside the outflow lobes. On the basis of the geometrical posi- 
tion of IRAS 00213+6530, close to the emission peak of the 
blue-shifted gas, and its cold IR colors, Yang et al. (1990) favor 
this source as the driving source of the outflow. We observed the 
region around both IRAS sources in ammonia. 

The NH3 structure (Fig. lA.lb consists of two sub- 
condensations, each one peaking very close to the position of 
an IRAS source. This suggests that both IRAS sources are em- 
bedded in the high density gas. Our results show that the velocity 
is different for each clump (see Tableland Fig. IA.2I ). The ob- 
served difference in velocity is consistent with a gravitationally 
bound rotational motion of the two clumps. 

The association of IRAS 00213+6530 with an ammonia 
emission maximum supports its identification as the outflow ex- 
citing source. However, we note that IRAS 00217+6530 falls 
very close to the position of an ammonia emission peak, it lies 
close to the emission peak of the outflow redshifted gas and its 
IRAS colors are characteristic of an embedded source (although 
the source appears confused in the 60 and 100 yum IRAS bands). 
Therefore, based on these results, both IRAS sources are valid 
candidates for the outflow excitation. 

The radio continuum sources detected in the region 
(Anglada, G., private communication) fall outside the ammonia 
condensation (see Fig. lA.lb . therefore they appear to be unre- 
lated to the star-forming region. 

A.2. M120.1+3.0-South 

This region is associated with several IRAS sources and with 
a CO bipolar outflow (Yang et al. 1990). The outflow is asym- 
metric, with the red lobe more intense than the blue one. Two 
sources, IRAS 00259+6510 and IRAS 00256+6511, He inside 
the outflow lobes. Yang et al. proposed IRAS 00259+6510 as 
the driving source of the outflow. We observed the region around 
both sources in ammonia. 

The NH3 condensation (Fig. lA.3t shows an elongated struc- 
ture in the NW-SE direction. Both IRAS 00259+6510 and IRAS 
00256+6511 are located close to the ammonia emission maxi- 
mum, suggesting that they are embedded sources. Both sources 
have similar IRAS colors, but appear confused at 60 and 100 fim. 
Therefore, we cannot favor one of them as the driving source of 
the outflow. 

A cm radio continuum source is detected at the edge of the 
ammonia condensation (Anglada, G., private communication). 
Unfortunately, the information available for this source is not 
enough to infer the nature of the emission. 

A.3. L1287 

The dark cloud LI 287 is associated with an energetic bipolar 
molecular outflow (Snell et al. 1990, Yang et al. 1991). At the 
center of the outflow lies the source IRAS 00338+6312, that has 
been proposed as the outflow exciting source (Yang et al. 1990). 
The brightest visible object in the region, RNO 1 (Cohen 1980), 
lies ~ 40" NE of the nominal IRAS position. However, because 
of the low angular resolution of the IRAS data, several young 
stellar objects (a FUOri binary system RNO IB/IC and several 



M120.1+3.0-North 
NH,(l,l) 



IRAS 00217+6533 




3 pc 



IRAS 00213+6530 



00"22"'30 



Fig. A.l. Contour map of the main beam brightness temperature 
of the main line of the ammonia iJ,K) = (1,1) inversion tran- 
sition (thick line) in the M120.1+3.0-North region. The lowest 
contour level is 0.3 K, and the increment is 0.1 K. The observed 
positions are indicated with small crosses. The half -power beam 
width of the telescope is shown as a circle. The positions of sev- 
eral relevant objects in the region are indicated. The CO bipolar 
outflow (thin line) is from Yang et al. (1990) (solid contours in- 
dicate blueshifted gas, and dashed contours indicate redshifted 
gas). Dashed straight line is the axis of the pos-vel diagram of 
Fig.lAj 



M120.1 + 3.0-North 




Fig. A.l. Position- velocity diagram of the NH3(1,1) main line 
along an axis passing toward the two maxima (RA.~ 45°) of 
the M120.1+3.0-North condensation. The lowest contour level 
is 0.3 K and the increment is 0.05 K. 



radio continuum sources) fall inside the IRAS error ellipsoid. 
Kenyon et al. (1993) proposed the FU Ori star RNO IC as the 
outflow exciting source. However, additional studies by Anglada 
et al. (1994) favored a jet-like radio continuum source, VLA 3, 
located very close to the IRAS nominal position and to the sym- 
metry center of the polarization pattern (Weintraub & Kastner 
1993), as the most likely candidate to be the exciting source. 
The detection of H2O maser emission associated with VLA 3 
(Fiebig 1995), and the interpretation of the H2O velocity pattern 
as a infalling disk (Fiebig 1997) further supports VLA 3 as the 
outflow exciting source. 

The region was observed in HCN, HCO+ (Yang et al. 1991), 
CS (Yang et al. 1995; McMuldroch et al. 1995), and in NH3 
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00 26 aO 00 26 00 00 25 40 00 25 20 

a(1950) 



Fig.A.3. Same as Fig. |A1] for the M120. 1 +3. 0-South region. 
The NH3 lowest contour is 0.2 K and the increment is 0.1 K. 
CO bipolar outflow map is also shown (Yang et al. 1990)(solid 
contours indicate redshifted gas, and dashed contours indicate 
blueshifted gas). 




- -|-IRAS 00379+6248 
■ HgO MASER 

I I I I I I 

00 38 30.0 00 38 00.0 00 37 30,0 

a(1950) 

Fig. A.5. Same as Fig.lAl] for the L1293 region. The NH3 low- 
est contour level is 0.2 K, and the increment is 0. 1 K. 



L1287 

NHjd.l) 





0.5 pc 



-(-IRAS 00338 + 6312 

HNO IB/IC 
• VI,A 3 



00 34 20 00 34 00 00 33 40 
a(1950) 



Fig. A.4. Same as Fig.|Aj] for the L1287 region. The NH3 low- 
est contour is 0.3 K and the increment is 0.2 K. The map of the 
CO bipolar outflow is from Snell et al. (1990). 



gion toward the sources has a complex structure and exhibits a 
complex kinematics. 

A.4. L1293 

Yang (1990) discovered a bipolar molecular outflow in this re- 
gion and proposed IRAS 00379+6248 as its driving source. 

The NH3 structure presents two emission maxima separated 
by ~ 4' (Fig. \A.5i . The strongest ammonia peak coincides 
with flie position of IRAS 00379+6248. The HCN, HCO+ and 
'^CO emission also peak toward the IRAS position (Yang 1990). 
This IRAS source is not detected at 12 yum and its infrared 
flux increases steeply toward longer wavelengths. These IR re- 
sults, along with its association with strong NH3 emission and 
with an H2O maser (Wouterloot et al. 1993), suggest that IRAS 
00379+6248 is a young stellar object, deeply embedded in the 
high density gas, and the most plausible exciting source of the 
outflow. The weaker emission peak is not associated with any 
known object. 



(EstaleUa et al. 1993). Estalella et al. (1993) found a gradient 
in the NW-SE direction, which was interpreted as caused by the 
rotation of the core. 

The condensation we mapped (Fig. IA.4I ) is clearly elon- 
gated in the northwest-southeast direction, perpendicular to the 
CO outflow axis. We have found a velocity gradient of ~ 1.23 
km s ' pc ' in the NW-SE direction. Both results agree well 
with the results of Estalella et al. (1993). The ammonia emis- 
sion peaks near the position of IRAS 00338+6312, RNO IB/IC 
and VLA 3. However, because of the small projected angular 
separation between all these objects (~ 5"- 10"), we cannot dis- 
tinguish from our data which of these sources is the best can- 
didate for exciting the outflow in terms of its proximity to the 
ammonia emission peak. This region was studied in NH3 with 
high angular VLA resolution (Sepulveda 2001; Sepulveda et al. 
in preparation). These observations revealed that the central re- 



A.5. NGC 281 A-West 

This region is associated with a bipolar molecular outflow pro- 
posed to be driven by the luminous source IRAS 00494+5617 
(Snell et al. 1990; Henning et al. 1994). A near-lR cluster 
(Carpenter et al. 1993) and several H2O maser spots are found in 
association with the IRAS source (Henning et al. 1992). Henning 
et al. (1994) modeled the observed spectral energy distribution 
of the source from 1 yum to 1 mm, concluding that it is a very 
good candidate for a deeply embedded and very young proto- 
stellar object. 

We detected an ammonia clump (Fig. IA.6I ), which appears 
unresolved with our beam. The NH3 emission peaks at the posi- 
tion of IRAS 00494+5617 . Our results agree with the 40" angu- 
lar resolution NH3 map of Henning et al. (1994), which reveals 
that the ammonia clump is elongated along the east-west direc- 
tion with the emission peaking toward the position of the IRAS 
source. CS emission mapped by Carpenter et al. (1993) with an 
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00 49 40 00 49 20 

a{1950) 

Fig. A.6. Same as Fig.|Al] for the NGC 28 1 A-West region. The 
NH3 lowest contour level is 0.15 K, and the increment is 0.075 
K. The CO bipolar outflow is from Snell et al. (1990) (solid 
contours indicate redshifted gas, and dashed contours indicate 
blueshifted gas) 



angular resolution of ~ 50", also peaks toward the position of 
the IRAS source. These results, along with the spectral energy 
distribution of the source, suggest that IRAS 00494+5617 is a 
very young object deeply embedded in the high density gas and 
that it is the most Ukely candidate to excite the outflow. 

Our ammonia results suggest that there is no significant 
amount of dense gas in association with the source IRAS 
00492+5618, located ~ 2' to the west of IRAS 00494+5617. 



A.6. HH31 

The HH 3 1 jet is a sinusoidal chain of knots having a linear 
extent of ~ 0.2 pc (Herbig 1974; Gomez et al. 1997). Cohen 
& Schwartz (1983) found four near-lR sources (IRSl, IRS2, 
IRS3 and IRS4) in the vicinity of the jet, being IRS 2, that co- 
incides with IRAS 04248+2612, the proposed exciting source 
of the jet. This source has been detected at millimeter and sub- 
millimeter wavelengths (Moriarty-Schieven et al. 1994) and ap- 
parently drives a small molecular outflow (Moriarty-Schieven et 
al. 1992), although no map has been published. In near-lR im- 
ages, IRAS 04248+2612 (IRS 2) appeal's as a bipolar reflection 
nebula (Padgett et al. 1999). We searched for ammonia emission 
toward the four near-IR sources. 

The ammonia condensation (Fig. IA.7I ) is elongated in the 
NE-SW direction, and it agrees with the NH3 map shown by 
Benson & Myers (1989). The NH3 emission peak is displaced 
~ 3' (~ 0.14 pc) to the SW of the HH 31 IRS2 position. To our 
knowledge, no source has been reported toward the position of 
the NH3 emission peak. We suggest that high sensitivity obser- 
vations could reveal a deeply embedded object at this position. 
The sources HH 3 1 IRS2 and IRS 1 lie at the edge of the conden- 
sation. We have not detected significant emission toward IRS3 
and IRS4, which lie far away (more than 8') from the condensa- 
tion. 



HH 31 



0,1 pc 




* NIR SOURCE 
A HH OBJECT 



4''a5'"40' 4^a5'"00^ ■1^24'"40' 

a{1950) 

Fig. A.7. Same as Fig.lAl] for the HH 31 region. The NH3 low- 
est contour is 0.3 K and the increment is 0.2 K. The position of 
the HH 31 knots is from Gomez et al. (1997) 



A.7. HH265 

HH 265, located in the L1551 cloud, is an isolated Herbig-Haro 
object whose exciting source still remains unknown. Swift et al. 
(2005, 2006) mapped the region in NH3 and CS. From their re- 
sults, these authors suggest that the cloud is likely a prestellar 
core showing signs of undergoing the first phases of gravitational 
collapse. 

We discovered an H2O maser (see Fig.O toward the position 
of the HH object. The maser shows two velocity components, 
whose line parameters are given in Table |4] The H2O maser 
emission suggests the presence of a nearby exciting source, 
which could be also responsible for the excitation of HH 265. 
However, it is also suggested that HH265 could be the end of a 
jet emanating from the source LkHo' 358 (Moriarty-Schieven et 
al. 2006; Movsessian et al. 2007). 

Our ammonia map (see Fig. IA.8I ) shows that both the H2O 
maser and the HH object fall inside the ammonia condensation, 
but they are displaced by ~ 1^5 (~ 0.08 pc) to the SB of the 
position of the ammonia maximum. We suggest that a sensitive 
search in the submm, mm, or cm range in the vicinity of the NH3 
emission peak could reveal an embedded object, responsible for 
the excitation of HH 265. The mass derived for this region (see 
Table |5]l exceeds the virial mass by a factor of five, a result that 
may indicate that a significant fraction of the cloud is still un- 
dergoing the process of gravitational collapse toward a central, 
embedded protostar, in good agreement with the results obtained 
by Swift et al. (2005, 2006). 

A 20 cm source, located ~ 2' to the NE of HH 265, was 
detected by Snell & Bally (1986). However, this source lies out- 
side the ammonia condensation and was not detected at shorter 
wavelengths (6 cm and 2 mm; Snell & Bally 1986), suggestive 
of a negative spectral index, characteristic of background extra- 
galactic sources. Unfortunately, sensitive observations reaching 
the position of the ammonia maximum are not available. 

A.8. L1551 NE 

LI 551 NE is a young stellar object in the LI 551 molecular 
cloud. It is located very close (~ 2'5) to the well-studied em- 
bedded source LI 551 IRS 5. The proximity to the red lobe 
of the large IRS 5 outflow has made difficult the study of the 
L1551 NE outflow itself. Moriarty-Schieven, Buttner & Wannier 
(1995) suggest the presence of a weak molecular outflow from 
this source and Devine, Reipurth & Bally (1999) concluded that 
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Fig.A.8. Same as Fig. \Al\ for the HH 265 region. The NH3 
lowest contour is 0.3 K and the increment is 0.2 K 



L1634 

NH3(1.1) 
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Fig. A.9. Same as Fig.lAl] for the L1634 region. The NH3 low- 
est contour is 0.3 K and the increment is 0.15 K. Dashed lines 
indicate outflow axes discussed in text. IRAS 05173-0555 is the 
proposed exciting source for the HH240-241 outflow and the 
source IRS 7 is the proposed exciting source for the second out- 
flow (knots 4 and 9) 



L1551 NE drives an HH flow (HH 454) and that probably drives 
the objects HH 28 and 29, that were previously attributed to IRS 
5. 

We detected intense ammonia emission toward the posi- 
tion of L1551 NE (see spectrum in Fig. [T]), but the proximity 
to IRS 5, which is associated with a strong NH3 condensation 
(Torrelles et al. 1983) makes it difficult to separate both com- 
ponents. Higher angular resolution observations of high density 
tracers are needed to detect the structure of dense gas around 
L1551NE. 

A.9. L1634 

L1634 contains two H2 bipolar jets (Hoddap & Ladd 1995). One 
of them, HH 240-241, is constituted by several H2 knots sym- 
metrically located from the source IRAS 05173-0555, which 
has been proposed as the driving source (Hoddap & Ladd 1995; 
Davis et al. 1997). The jet extends from east (knots HH 241A- 
D) to west (knots HH 240A-D). Knots HH 240A and HH 241A 
were previously known as RNO 40 and RNO 40E (Jones et al. 
1984). CO(7 = 3^2) observations (Davis et al. 1997) re- 
veal the presence of a molecular outflow associated with IRAS 
05173-0555, a cm and a submm source, proposed as a Class 
(Beltran et al. 2002). The second bipolar jet only has two knotty 
bow shocks (knots 9 and 4; Hoddap & Ladd 1995; see Fig. |A.9l l. 
The near-IR source IRS 7 located near the center of the jet, has 
been proposed as the powering source of this outflow (Hoddap 
& Ladd 1995; Davis et al. 1997). The CO outflow (Lee et al. 
2000) shows a distribution similar to that of the H2 jets. 

Our map (Fig.lAigjl shows that both, IRAS 05173-0555 and 
IRS 7 are associated with dense gas. The NH3 emission peak 
is located close (~ O'.l ^ 0.09 pc) to the position of the IRAS 
source. This source has a steeply rising spectral energy distribu- 
tion through the IRAS bands and it is detected at cm, mm, and 
submm wavelengths (see references in Table |6]l. These results 
together with its association with the ammonia core suggest that 
IRAS 05173-0555 is a very young object deeply embedded in 
the high density gas and that it is a very good candidate for ex- 
citing the optical jet HH240-241 and the molecular outflow. The 
near-IR source IRS 7 is displaced by ~ 1'4 (~ 0.19 pc) to the 



SE of the position of the emission maximum. The association 
of IRS 7 with high density gas suggests that it is a very young 
stellar object as suggested by Beltran et al. (2002). 

We noted that the central velocity of the ammonia lines in- 
creases to the west of the peak position. We found a velocity 
shift of ~ 0.31 km s ' between the ammonia peak position and 
the position of knot HH 240 A. This knot has a large proper mo- 
tion away from the IRAS source (Jones et al. 1984). The velocity 
shift detected could results from the interaction between the jet 
and the dense gas. Indeed, Whyatt et al. (2009) find that the HH 
objects are illuminating the molecular gas, enhancing the emis- 
sion of the HCO^ associated with a dense molecular condensa- 
tion within the ammonia core. 



A.W. IRAS 05358+3543 

IRAS 05358-1-3543 was proposed as the exciting source of a 
bipolar molecular outflow (Snell et al. 1990). Observations at 
higher angular resolution resolved the outflow into at least three 
different outflows, two of them forming a quadrupolar system 
(Beuther et al. 2002). Tofani et al. (1995) detected four H2O 
maser spots close to the IRAS position. Millimeter and submil- 
limeter emission around the IRAS source resolved at least four 
cores in the region within separations between 4"-6". At least 
two of these mm cores will be likely the exciting source of the 
molecular outflows (Beuther et al. 2007, Leurini et al. 2007). 

We found an NH3 condensation elongated in the north-south 
direction (Fig. lA.lOl l. The NH3 emission peaks at the position 
of the IRAS source. This positional coincidence, as well as its 
proximity to H2O maser emission, along with the fact that its 
infrared emission increases steeply toward longer wavelengths, 
suggest that IRAS 05358+3543 is a very young stellar object, 
deeply embedded in the high density gas, favoring this object as 
the driving source of the molecular outflow. Our angular resolu- 
tion doesn't allow us to infer about the subcores into the region. 
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05358+3543. The NH3 lowest contour is 0.3 K and the incre- 
ment is 0.2 K. The CO bipolar outflow is from SneU et al. (1990) 
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Fig.A.ll. Spectra of the NH3(1,1) emission at (0,0) and (- 
2.8,0), the positions of the emission maximum for each velocity 
component of L1641-S3. Offsets are with respect to the position 
given in Table [T] 



A.11. L1641-S3 

L1641-S3 is a bipolar CO outflow located in the southern part 
of the L1641 cloud (Fukui et al. 1989, Wilking et al. 1990, 
Morgan et al. 1991). The outflow is centered on the source 
IRAS 05375-0731 (= FIRSSE-101), which has been proposed 
as its exciting source. The source has been detected in the near- 
IR, centimeter, millimeter and submillimeter wavelengths ranges 
with an spectral energy distribution of a Class I source (see refer- 
ences in Table|6l). H2O maser emission (Wouterloot & Walmsley 
1986) has been detected toward the IRAS source. An H2 giant 
flow is found probably associated with the IRAS source (Stanke 
et al. 2000) 

In all the positions where emission is detected, the NH3 spec- 
tra show two velocity components at 3.8 and 4.9 km s"', in all 
the hyperfine lines. Each velocity component peaks at a differ- 
ent position. In Fig. lA.lll we show the observed spectra at the 
position of the emission peak for each velocity component. 

The region has also been mapped in NH3 with an angular 
resolution of 40" by Harju et al. (1993). These authors present 
a map of the overall emission, which is consistent with our re- 
sults, taken into account the difference in the beam sizes and 
the slight difference in the region covered by the maps. However 
these authors do not discuss the presence of two velocity compo- 
nents. Since the two velocity components are clearly defined in 
our spectra, in Figs. lA. 12l and lA. 13] we present separate maps of 
the two velocity components, and in our analysis we will discuss 
separately each velocity component. 

The map of the component at 4.9 km s"' (Fig. lA.12] i reveals a 
well defined NH3 condensation with the position of source IRAS 
05375-0731 well centered in the structure and coinciding with 
the maximum of emission. The main axis of this condensation is 
elongated roughly in the NW-SE direction, perpendicular to the 
outflow axis. We also detected NH3 emission toward the NE of 
the region mapped, near the positions of IRAS 05377-0729 and 
IRAS 05375-0727, suggesting that these sources may be also as- 
sociated with high density gas. However, none of the two sources 
is detected at submillimeter wavelengths (Dent et al. 1998) and 
only IRAS 05375-0727 has a near-IR counterpart (Strom et al. 
1989). Unfortunately, our map is not completed around the po- 
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Fig. A.12. Same as Fig lA.ll but for the emission associated with 
the component at ~ 4.9 km s ' for the L1641-S3 region. The 
NH3 lowest contour is 0.3 K and the increment is 0.2 K. The 
map of the CO bipolar outflow is from Morgan et al. (1991) 



sitions of these sources, so that we cannot establish their associ- 
ation with high density gas. 

The map of the component at 3.8 km s ' is shown in 
Fig. lA.13l The spatial distribution presents an irregular morphol- 
ogy, with several local maxima. The source IRAS 05375-0731 
appears projected toward this structure, but it is not as clearly 
associated with any particular feature. 

In summary, we observe that for the 4.9 km s"' component, 
the position of the source IRAS 05375-0731 is better centered 
on the NH3 structure and closer to the emission maximum than 
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Fig. A.13. Same as Fig lA.ll but for the emission associated with 
component at ~ 3.8 km s ' for the L1641-S3 region. The NH3 
lowest contour is 0.4 K and the increment is 0.2 K. The map of 
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Fig. A.14. Same as Fig|Al] but for the CB 34 region. The NH3 
lowest contour is 0.15 K and the increment is 0.1 K. The three 
jets discussed in text are indicated by dotted lines. The map of 
the CO bipolar outflow is from Yun & Clemens (1994a). 



for the 3.8 km s"' component. In addition, the main axis of the 
4.9 km s"' structure is aligned roughly perpendicular to the out- 
flow axis. Finally, the line widths of the 4.9 km s ' component 
are broad (see Table |2|, suggesting that the dense gas is suffer- 
ing a perturbation by an embedded object, while the line widths 
of the 3.8 km s ' component are narrow, suggestive of a star- 
less core. From these results, we conclude that the source IRAS 
05375-0731 is likely associated with the dense gas component at 
4.9 km s"'. A study of the local heating through a high angular 
resolution mapping of the NH3(1,1) and NH3(2,2) could confirm 
this association. 

A. 12. CB 34 

The small Bok globule CB 34 (Clemens & Barvainis 1988) is 
associated with the source IRAS 05440-1-2059, which is the pro- 
posed driving source of a bipolar molecular outflow (Yun & 
Clemens 1994a). IRAS 05440+2059 has near-IR, submiflime- 
ter, millimeter and centimeter counterparts (see references in 
Table |6]). Near-IR images revealed a small aggregate of YSOs 
embedded in the cloud (Alves & Yun 1995). Alves (1995) dis- 
covered, from optical and near-IR images, a variable object 
CB34V, which is identified as an embedded PMS object (Alves 
etal. 1997). 

Moreira & Yun (1995) discovered in this region four Herbig- 
Haro objects (HH 290S, HH 290 Nl, HH 290 N2 and HH 291) 
and several H2 structures (labeled Ql, Q2, Q3, Q4, hh291X 
and hh291Y) . These authors suggested that the objects HH 
290S/N1/N2 constitute an optical jet driven by an embedded 
near-IR source HH 290 IRS, that the structure Q1-Q4 is a well 
coUimated H2 jet driven by an embedded object (labeled Q), and 
that hh291X, hh291Y and HH 291 could be bright knots of an 
embedded jet, whose driving source remains undetected. 

The ammonia structure, unresolved with our beam, peaks 
close to the position of IRAS 05440+2059 (see Fig. lAl4b , 
in good agreement with the results obtained from other high- 



density tracers (CS, Launhardt et al. 1998; HCN, Afonso et al. 
1998; NH3, Codefla & Scappini 1998). The sources HH 290 IRS 
and CB34V appear in projection toward the ammonia core, sug- 
gesting that they are young stellar objects embedded in the dense 
molecular gas. These results support the identification of IRAS 
05440+2059 as the exciting source of the molecular outflow, and 
HH290 IRS as the exciting source of an optical jet. The source 
Q lies at the edge of the condensation. The HH 291 jet, two of 
whose knots are only detected in the near-IR, also appears pro- 
jected toward the high density gas, so it can be tracing an embed- 
ded jet as proposed by Moreira & Yun (1995). We suggest that 
the exciting source of this jet could be located in the line con- 
necting the knots and close to the position of the NH3 emission 
maximum. High-resolution observations could reveal the posi- 
tion of this embedded object. 

A.13. L1617 

A map of the overall L1617 region where NH3 emission is de- 
tected is shown in Fig. IA.15I The map encloses the ammonia 
condensations associated with HH 270/1 10 and with HH 1 1 1, as 
well as their molecular outflows. 

A.13.1. HH 270/110 

HH 110 is a well collimated jet located in the L1617 molecular 
cloud (Reipurth & Olberg 1991). Reipurth et al. (1996) discov- 
ered a second jet, HH 270, ~ 3' to the NE of HH 1 10 and pro- 
posed the near-IR source HH 270 IRS as its exciting source. The 
position of HH 270 IRS lies very close to the error ellipsoid of 
IRAS 05489+0256 and both sources could be associated. VLA 
observations of HH 270 IRS at cm wavelengths (Rodriguez et 
al. 1998) revealed that this source (named VLAl) is elongated 
along the axis of the HH 270 jet, suggesting that it traces the base 
of the flow. Reipurth et al. (1996) suggest that the HH 270 jet suf- 
fers a grazing collision with a nearby molecular cloud core, thus 
producing a deflected flow, which is manifested as the HH 110 
jet. The kinematical studies (Riera et al. 2003; Lopez et al. 2005) 
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Fig. A.15. Ammonia cores in L1617 (thick contours) overlapped 
on the CO outflow maps of Reipurth & Olberg (1991) (thin con- 
tours). Symbols used in this map are same as Fig. lA.ll Close-ups 
of the clumps of the NW region (associated with HH 270/110) 
and SE region (associated with HH 1 1 1) are shown in Fig. lA.16l 
and Fig. lA. ITl respectivelv. Ammonia contour levels are the same 
as in these figures. Additional positions were observed near HH 
113 (~ 12' east from HHl 11). 
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Fig.A.16. Same as Fig. |Al] for the HH 270/110 region. The 
NH3 lowest contour level is 0.2 K and the increment is 0.15 K. 
The sources discussed in text are indicated. 
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Fig.A.17. Same as Fig.jAJl for the HH 111 region. The NH3 
lowest contour level is 0. 15 K and the increment is 0.07 K. 



Our ammonia map (Fig. IA.16I ) shows two high density 
clumps, separated by ~ 0.4 pc, apparently corresponding with 
two local maxima observed in the '^CO extended structure 
mapped by Reipurth, Raga & Heathcote (1996). The emission 
of the eastern NH3 clump peaks at the position of HH 270 
IRS/VLA 1, suggesting that this object is embedded in the high 
density gas, and giving support to its identification as the power- 
ing source of the HH 270 jet. 

The HH 1 10 flow is observed toward the SE edge of the west- 
ern ammonia clump (see Fig. lA.16l l. The coincidence of the NH3 
clump at the point where the HH 270/1 10 flow changes abruptly 
its direction, gives strong support to the scenario proposed by 
Reipurth et al. (1996), where the HH 110 jet arises as a result 
of the deflection of the HH 270 jet after a collision with a high- 
density clump. Our NH3 observations provide evidence for the 
presence of such a high-density clump. 

The western NH3 clump peaks near the positions the pro- 
posed exciting sources of the molecular outflow and the H2 jets 
(see Fig. lA.16T l. This result suggest that these sources are embed- 
ded objects, giving support to their identification as the driving 
sources of the molecular outflow and the H2 jets. 

The remaining five centimeter continuum sources detected 
in the region by Rodriguez et al. (1998) (see Fig. IA.16b have 
negative spectral index, characteristic of non-thermal emission. 
One of them (VLA 4) could be associated with the knot HH 110 
H and the others are probably background objects unrelated with 
the star-forming region. 



provide some additional evidence of the interaction between the 
outflow and the surrounding material. 

About 3' to the SW of HH 270 IRS, lies IRAS 05487H-0255, 
a source with a spectral energy distribution steeply rising to- 
ward longer wavelengths. IRAS 05487+0255 is associated with 
a near-IR and a VLA source (Davis et al. 1994; Garnavich et al. 
1997; Rodriguez et al. 1998), driving a bipolar molecular out- 
flow (Reipurth & Olberg 1991; see Fig. lA. 15b and a H2 jet (Davis 
et al. 1994; Garnavich et al. 1997) running almost north-south. 
A second near-IR source, powering another H2 jet extending in 
the north-south direction, is found a few arcseconds to the south 
(Davis et al. 1994; Garnavich et al. 1997). 



A.13.2. HH 111 

HH 111, in the L1617 cloud, is a well collimated jet associated 
with a highly collimated molecular outflow apparently driven by 
IRAS 05491+0247 (Reipurth & Oldberg 1991; see Fig. lAlSl l. 
which also has a centimeter counterpart, VLA 1 (Rodriguez & 
Reipurth 1994, Anglada et al. 1998b). Reipurth, Bally & Devine 
(1997) proposed that the HH 1 1 1 jet (together with HH 113 and 
HH 311) constitutes a giant flow with a total extent of 7.7 pc. 
Gredel & Reipurth (1993) detected an H2 bipolar jet, HH 121, 
which is almost perpendicular to HH 111 and appears to emanate 
from the IRAS/VLA 1 source. Cernicharo & Reipurth (1996) 
resolved the CO outflow into a quadrupolar structure along the 



21 



I. Sepulveda et al.: Dense gas and the nature of the outflows 



27 02 00 - 



IRAS 05490+2658 

NHg(l,l) 



m 27 00 00 - 




CB 54,'T 

NH3{1,1)/ 



0.5 po 



NIR CLUSTER + 
-j-IRAS SOURCE 
• RADIO CONTINUUM SOURCE 



ct{1950) 

Fig.A.18. Same as Fig. lA.ll for the region around IRAS 
05490+2658. The NH3 lowest contour is 0.2 K and the incre- 
ment is 0. 1 K. The center of the near-IR cluster (Carpenter et al. 
1993), which extends over a region of 1 pc in size, is indicated. 
The CO bipolar outflow is from Snell et al. (1990) 



axes of the HHl 1 1 and HH 121 jets. At smaller scales, the source 
VLA 1 also shows evidence of a similar quadrupolar structure 
(Reipurth et al. 1999). These authors detected an additional cen- 
timeter source, VLA 2 (~ 3" NW of VLA 1), which exhibits 
some evidence of driving its own outflow. 

The NH3 map (Fig. IA.17b shows a condensation with the 
emission peaking near the positions of the proposed triple sys- 
tem. The spectral energy distribution of the IRAS source is 
steeply rising toward longer wavelengths. Altogether this sug- 
gests that the sources are deeply embedded in the high density 
gas. 

The remaining radio continuum sources detected in the re- 
gion (Anglada et al. 1998b) are not associated with dense gas 
and have negative spectral index, indicating that probably al- 
most aU are non-thermal background sources unrelated to the 
star-forming region. 

A.13.3. HH 113 

We observed a five-point grid around HH 113 (not shown in 
Fig lA.15l l. which is located ~ 12' to the east of the HH 111 com- 
plex. We did not detect significant emission in any of these posi- 
tions. Reipurth, Bafly & Reipurth (1997) suggest that HH 1 13 is 
the eastern boundary of the HH 111 complex. The lack of dense 
gas around this object, and that there are no sources in its vicin- 
ity suggests a non local origin for this object, giving support to 
its identification as part of the HH 111 complex. 

A. 14. IRAS 05490+2658 

IRAS 05490-H2658 lies ~ 5' east of the H II region S242. This 
IRAS source has been proposed as the exciting source of a 
poorly collimated molecular outflow (Snell et al. 1990), although 
it is displaced ~ 1 ' to the SE of the geometrical center of the out- 
flow. A 6 cm radio continuum source has been detected close to 
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Fig.A.19. Same as Fig. \AJ\ for the CB 54 region. The NH3 
lowest contour is 0.25 K and the increment is 0.1 K. The CO 
bipolar outflow is from Yun & Clemens (1994a) 



the position of the IRAS source (Carpenter et al. 1990). A near- 
IR cluster, extending over a region of ~ 1 pc in size, has been 
detected in the region by Carpenter et al. (1993). 

The condensation we mapped in NH3 (Fig. IA.18b has the 
emission peak displaced ~ 1' (~ 0.7 pc) to the north of the 
IRAS source position, but it is very close to the center of the 
outflow and to the center of the near-IR cluster This result sug- 
gests that some cluster members could be embedded stellar ob- 
jects, in agreement with the Carpenter et al. (1993) suggestion, 
and that the outflow exciting source could be located close to the 
NH3 maximum and to the north of the IRAS position. Sensitive 
cm continuum observations toward this position could reveal this 
object. 

A. 15. CB54 

CB 54 is a Bok globule associated with the source IRAS 07020- 
1618, which has been proposed as the exciting source of a highly 
collimated bipolar molecular outflow (Yun & Clemens 1994a). 
The IRAS source is double in the near-IR (two components 
CB54YC1-I and CB54YC1-II separated by 12":Yun & Clemens 
1994b) and it is detected also at cm (Yun et al. 1996; Moreira 
et al. 1997) and mm wavelengths (Launhardt & Henning 1997). 
Only CB54YC1-II is detected in the mid-infrared images, but 
three new mid-infrared sources with no near-infrared counterpart 
were detected spatially coincident with both the IRAS source 
and the center of the dense core (Ciardi & Gomez Martin 2007). 

We found a compact NH3 condensation (Fig. lA.19l l with the 
emission peaking at the position of the IRAS source, which has 
a cm radio continuum counterpart. The spectral energy distribu- 
tion of the IRAS souce is steadily rising at longer wavelengths. 
Altogether this suggests that the IRAS source is a very young 
object deeply embedded in the high density gas and favors it as 
the exciting source. 

A.I 6. L379 

The dark cloud L379 contains the bright source IRAS 18265- 
1517, which was proposed as the exciting source of a bipo- 
lar molecular outflow (Hilton et al. 1986; Wilking et al. 1990). 
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Fig. A.20. Same as Fig.|Al] for the L379 region. The NH3 low- 
est contour level is 0.3 K and the increment is 0.2 K. The position 
of the two dust clumps is indicated by an asterisk. The map of 
the CO bipolai- outflow is from KeUy & Macdonald (1996). 



The red- and blue-wing emission overlap for most of the out- 
flow extension, but the emission maxima are not coincident. 
This structure has been interpreted as two outflows centered 
north and south of the IRAS source (Kelly & McDonald 1996). 
Observations at mm and submm wavelengths have revealed two 
distinct clumps of dust continuum emission located several arc- 
sees northwest and southwest, respectively from the IRAS nom- 
inal position. This interpretation is supported by the two veloc- 
ity components found in C'^O spectra (McCutcheon et al. 1995; 
Kefly & Mcdonald 1996). Kefly & McDonald (1996) suggest 
that the dust clumps probably contain the driving sources of the 
molecular outflows. 

We found an NH3 condensation (Fig. IA.20I ) with the emis- 
sion peaking at the position of IRAS 18265-1517. The spectral 
energy distribution of this IRAS source rises steeply at longer 
wavelengths. Altogether this suggests that the IRAS source is a 
deeply embedded object. Although our ammonia lines are broad, 
a hint of two velocity components can be appreciated in the satel- 
lite lines (see Fig.[T]), in agreement with the C'**0 results (Kelly 
& McDonald 1996). Both submm sources appear to be associ- 
ated with NH3 emission, but our angular resolution does not al- 
low us to favor one of them in terms of the proximity to the NH3 
maximum. 

The physical parameters we obtained for this region 
(Table |5]l indicate that L379 is a massive region (M ~ 2 000 — 
3 700 Mq). The estimated luminosity of the IRAS source is 
Lboi ~ 1.6 X lO'* Lq (Kelly & McDonald 1996). The high mass 
obtained from NH3, together with the high luminosity of the 
source could indicate that this source is a massive protostellar 
object, and thus that L379 is a high-mass star-forming region. 

A.17. L588 

Reipurth & Eiroa (1992) discovered two isolated Herbig-Haro 
objects, HH 108 and HH 109, in this region and proposed IRAS 
18331-0035 as their driving source. Ziener & Eisloff^el (1999) 
found that both HH objects consist of several bright knots, some 
of them with H2 counterpart. Chini et al. (1997) found two 1.3 
mm sources, the stronger is coincident with the IRAS source 
and the fainter, HH 108 MMS, has no counterpart. At present it 
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Fig. A.21. Same as Fig.|Al] for the L588 region. The NH3 low- 
est contour is 0.3 K and the increment is 0.15 K. The position 
of the HH 108 and HH 109 knots ai-e from Ziener & Eisloff'el 
(1999). 



is unclear which one of these two sources is the driving source 
of the HH objects. Parker et al. (1991) detected broad line wings 
in CO spectra taken toward the IRAS position. 

The NH3 map (Fig. lA. 211 1 shows a condensation elongated in 
the NE-SW direction, similarly to the molecular cloud mapped 
in CO by Parker et al. (1991). The ammonia emission maxi- 
mum is located at the position of IRAS 18331-0035. This re- 
sult, along with the spectral energy distribution, suggests that 
the IRAS source is a very young object deeply embedded in the 
high-density gas. Although the source HH 108 MMS is located 
inside the NH3 condensation, it is displaced ~ 1'2 (~ 0.1 pc) 
to the NE of the emission peak. Owing to its association with 
the NH3 emission peak, it appears that the source IRAS 18331- 
0035 is the deepest embedded object and constitutes a very good 
candidate for the energy source of the HH complex. 

From our data we found that the mass of this region exceeds 
the virial mass by more than a factor of five (see Table |5]l. This 
result could indicate that the cloud is in process of gravitational 
collapse. 

A.18. L673 

Armstrong & Winnewisser (1989) detected an extended bipolar 
molecular outflow in this region and proposed the source IRAS 
19180+1 1 16, which coincides with the object RNO 109 (Cohen 
1980), as its driving source. In a previous work (see Paper I) we 
have observed in NH3 a region of ~ 10' x 7' around the object 
RNO 109. Those observations revealed an ammonia structure 
of ~ 5' X 2' elongated from northwest to southeast. It consists 
of three subcondensations peaking at the positions of sources 
IRAS 19180+1116 (RNO 109), IRAS 19180+1114 and IRAS 
19181 + 1114. The source IRAS 19180+1 114 is located close to 
the strongest emission maximum. 

The region was mapped in CS by Morata et al. (1997). The 
CS emitting region is elongated in the NW-SE direction and is 
more extended (16'6 x 7'6) than the region mapped in ammonia 
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Fig.A.22. Same as Fig|Al] but for the L673 region. The NH3 
lowest contour level is 0.45 K and the increment is 0.3 K. The 
NH3 map obtained in previous observations is also included. 
The IRAS sources associated with the ammonia structure are 
(from north to south) IRAS 19180+1 1 16(=RN0 109), IRAS 
1 9 1 80+ 1 1 14 and IRAS 1 9 1 84+ 1 1 1 8 . The map of the CO molec- 
ular outflow is from Armstrong & Winnewisser (1989) 



in Paper I. This extended CS emission encompasses the NH3 
condensation, and has the emission peak displaced ~ 8' to the 
south-east of IRAS 19180+1114. 

To complete the study in NH3 of this region, we carried out 
new observations, covering the region around the CS emission 
maximum. In Fig. lA.22l we show the complete NH3 map of the 
region (including the data from Paper I). The new observations 
reveal that the NH3 emission further extends to the SE, where 
we found the strongest NH3 maximum of the whole region. Up 
to now, no source has been found toward this position. Morata, 
Girart & Estalella (2003, 2005) have found that this core splits 
in multiple condensations, with no signs of star formation. Most 
of the condensations are transient, in the sense that they are not 
gravitationally bound. 

A. 19. IRAS 20050+2720 

Bachiller et al. (1995) mapped a molecular outflow consisting 
of three pairs of lobes emanating from the vicinity of IRAS 
20050+2720, suggesting that two or three independent outflows 
are driven by young sources embedded in the core. Chen et 
al. (1997) found a cluster of near-IR sources with three sub- 
clusters, two of them are associated with IRAS 20050+2720 
and IRAS 20049+2721, respectively. IRAS 20050+2720 was re- 
solved at centimeter wavelengths in two components at subarsec 
scale (Anglada et al. 1998a) and in four sources at millimeter 
wavelengths. Two of them, which are separated ~ 20", are sug- 
gested to be protostellar collapse candidates (Choi et al. 1999, 
Beltran et al. 2008). An analysis of the velocity fields of H2O 
masers (Furuya et al. 2005) indicates that one of these millime- 
ter sources (MMl) is driving a powerful jet. IRAS 20049+2721 
was barely detected in the IRAS 12 and 25 fim bands (2.3 Jy in 
both bands), but is very bright at longer wavelengths (flux densi- 
ties are 171.2 and 397.7 Jy in the 60 and 100 //m IRAS bands, re- 
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Fig.A.23. Same as Fig jA.ll but for the region around IRAS 
20050+2720. The NH3 lowest contour level is 0.4 K and the 
increment is 0. 15 K. The centers of the three near-IR subclusters 
found by Chen et al. (1997) are indicated. The map of the CO 
multipolar outflow is from Bachiller et al. (1995). 
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Fig.A.24. Position-velocity diagram of the NH3 main line 
along the NW-SE direction (p.a.= -45°) centered on IRAS 
20050+2720. The 1 'A offset corresponds to the position of IRAS 
20049+2721. The lowest contour level is 0.4 K and the incre- 
ment is 0.15 K 



spectively). A cm continuum source (Anglada et al. 1998a) is de- 
tected in association with this source. CS observations show the 
emission maximum at the position of IRAS 20050+2720, while 
only weak CS emission was detected toward IRAS 20049+2721 
(Bachiller et al. 1995) 

The NH3 condensation (Fig. IA.23b shows two strong emis- 
sion peaks, very close to the positions of the IRAS sources of 
the region, suggesting that both sources are associated with high 
density gas. The velocities of the two NH3 maxima differ by ~ 2 
km s"' (see Table|2]i. In Fig. IA.24l we show a position-velocity 
diagram along the northwest-southeast direction. The structure 
of the NH3 emission is consistent with gravitationally bound ro- 
tational motion of two clumps. 
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Fig. A.25. Same as Fig. \AJ\ for the CB 232 region. The NH3 
lowest contour is 0.2 K and the increment is 0.1 K. The CO 
bipolar outflow is from Yun & Clemens (1994a) 



A.20. V1057Cyg 

VI 057 Cyg belongs to the small group of the FU Orionis type 
stars. Before its flare-up in 1970, it was a T Tauri star A 
marginally resolved outflow was reported by Levreault (1989) 
and Evans et al. (1994). They detected only a blue wing extend- 
ing to the north, but no contour map is shown. 

We detected very weak ammonia emission toward this 
source (see Fig. [1] and Table |2]l and the line analysis was car- 
ried out by averaging several positions, so no contour map could 
be made. This weak emission indicates either a low column den- 
sity gas or that the NH3 emission is very compact. The lack of 
a large amount of high-density gas agrees with the fact that the 
source is optically visible. 



A.21. CB232 

This Bok globule is associated with IRAS 21352H-4307, which is 
proposed to be the exciting source of a poorly collimated bipolar 
molecular outflow (Yun & Clemens 1994a). The IRAS source 
has near-IR (Yun & Clemens 1995) and millimeter counterparts 
(Launhardt & Henning 1997), and is associated with two com- 
pact submillimeter sources. One of them, SMMl, is proposed as 
a Class candidate (Huard et al. 1999). 

We have detected an ammonia condensation (see Fig. IA.25I I 
unresolved by our beam, whose emission peak coincides with 
the position of the IRAS source. Given that the spectral energy 
distribution of the IRAS source is rising toward longer wave- 
lengths, our results suggest that the IRAS source traces the loca- 
tion of one or several YSOs, deeply embedded in the high den- 
sity gas, and that the globule is a site of very recent star forma- 
tion. 
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Fig.A.26. Same as Fig|Aj] but for the IC 1396E region. The 
NH3 lowest contour level is 0.2 K and the increment is 0.15 K. 
The map of the CO bipolar outflow is from Wilking et al. (1990) 



A.22. IC 1396E 

IC 1396E is a bright-rimmed cometary globule located in the 
northern periphery of the H II region IC 1396. Wilking et al. 
(1990) mapped a bipolar molecular outflow and proposed IRAS 
21391-1-5802, an intermediate-mass YSO which is found roughly 
at the center of the globule, as the exciting source. This IRAS 
source is detected at near-IR, submm, mm, and cm wavelengths 
(Wilking et al. 1993; Beltran et al. 2002). The molecular outflow 
axis is oriented at a position angle of 75°, which is similar to 
the position angle of the H2O maser bipolar outflow observed at 
scales from 1 to 500 AU (Patel et al. 2000). 

The region was mapped in NH3(1,1) and NH3(2,2) (with an 
angular resolution of 40"), and several other molecular lines by 
Serabyn et al. (1993). The NH3 clump mapped by these authors 
is elongated in the north-south direction and shows a tempera- 
ture gradient increasing outward from the center and reaching a 
maximum on the surface most directly facing the stars ionizing 
IC1396. 

Our NH3 map of the condensation (Fig. lA. 26b . obtained with 
a poorer angular resolution, is elongated in the north-south direc- 
tion, in good agreement with the one obtained by Serabyn et al. 
(1993). We found for this source a kinetic temperature of ~ 19 K, 
which is above the average for the sources studied in this paper 
Although since we only have observed a single position in the 
NH3(2,2) line we cannot establish the presence of the tempera- 
ture gradient reported by Serabyn et al. (1993). The position of 
the source IRAS 21391-1-5802 falls very close to the NH3 emis- 
sion peak. This positional coincidence, as well as the spectral 
energy distribution of the source, suggest that it is a very young 
object, deeply embedded in the high density gas and the best 
candidate to drive the molecular outflow. There are two other 
IRAS sources in the region, but they lie outside, near the edge of 
the NH3 condensation (see Fig. lA.26T l. At present, little is known 
about these sources and further studies are required to investigate 
their nature and relationship with the molecular condensation. 



A.23. L1165 

LI 165 is a small cloud whose distance is not well established. 
Estimates by different authors range from 200 pc to 750 pc. We 
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Fig. A.27. Same as Fig.jAj] for the LI 165 region. The NH3 low- 
est contour is 0.15 K and the increment is 0.05 K. The IRAS 
sources ai-e, from north to south, IRAS 22051+5849 and IRAS 
22051+4858 (=HH 354 IRS). The CO bipolar outflow is from 
Parker et al. (1991) 
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Fig.A.28. Same as Fig. lA.ll for the region around IRAS 
22134+5834. The NH3 lowest contour is 0.2 K and the incre- 
ment is 0.1 K. The CO bipolar outflow is from Dobashi et al. 
(1994) 



will adopt a distance of 750 pc, based on the assumption that the 
cloud is part of the IC 1396 region (Schwartz et al. 1991). Parker 
et al. (1991) discovered a bipolar molecular outflow centered on 
IRAS 22051+5848, which was proposed as the exciting source. 
This IRAS source, that has a near-IR counterpart (Tapia et al. 
1997), is located ~ 15" to the NE of the reflection nebulosity 
GY 22 (Gyulbudaghian 1982; Reipurth et al. 1997). Reipurth et 
al. (1997) reported a HH object, HH 354, located 1 1' NE of the 
IRAS position and at the end of a cavity in the molecular cloud, 
possibly excavated by the molecular outflow. These authors pro- 
posed that HH 354, the cavity, the molecular outflow and the GY 
22 nebulosity are all parts of a single giant outflow excited by 
the IRAS source. From near-IR spectroscopy, Reipurth & Aspin 
(1997) concluded that IRAS 22051+5848 (= HH 354 IRS) is a 
FUor candidate. The source IRAS 2205 1 +5849, which has also a 
near-IR counterpart (Tapia et al. 1997), lies ~ 1 .'5 north of IRAS 
22051+5848, well off the axis of the proposed giant outflow. 

The NH3 map (Fig. IA.27b shows a condensation with 
the emission peaking very close to the position of IRAS 
22051+5848. The IRAS colors of this source are typical of 
embedded sources (Parker 1991) and it is surrounded by the 
reflection nebulosity GY 22. Altogether suggest that IRAS 
2205 1 +5848 is a young object embedded in the high density gas. 
IRAS 22051+5849 is located close to the emission maximum 
and also appears associated with the dense gas, but its IRAS col- 
ors corresponding to a blackbody at T > 1000 K are suggestive 
of a background source (Tapia et al. 1997). This source needs 
more accurate observations in order to establish its relationship 
with the core and the outflow. 

A.24. IRAS 22134+5834 

The distance of this source is established to be 2.6 kpc (Sridharan 
et al. 2002), although previously a distance of 900 pc was as- 
sumed. Dobashi et al. (1994) discovered a molecular outflow as- 
sociated with the source IRAS 22134+5834, one of the most 
luminous sources in the Cepheus region. H2 images (Kumar, 



Bachiller & Davis, 2002) revealed a dense stellar cluster around 
the IRAS source, that was interpreted as ring-shaped cluster 
(Kumar, Ojha & Davis 2003). 

The NH3 distribution (Fig. IA.28b shows a compact conden- 
sation with the emission maximum located at the IRAS posi- 
tion, in agreement with the '^CO and '^CO maps obtained by 
Dobashi et al. (1994). The IRAS source is bright at FIR wave- 
lengths and not at NIR wavelengths. This and its association 
with high-density gas, suggest that IRAS 22134+5834 is a very 
young stellar object, a possible massive protostar as suggested 
by Dobashi et al. (1994) and Kumar et al. (2003). 

A.25. L1221 

LI 221 is a small isolated dark cloud associated with IRAS 
22266+6845, which has an energy distribution rising to longer 
wavelengths. Umemoto et al. (1991) discovered a bipolar molec- 
ular outflow centered near the position of the IRAS source. 
The outflow shows a U-shaped structure open to the north- 
west. However, CO observations with higher angular resolution 
showed that the outflow may consist of two bipolar outflows, an 
east-west outflow associated with the IRAS source and a north- 
south outflow originating about 25" to the east of the IRAS 
source (Lee et al. 2002). 

The region was mapped with different high-density tracer 
molecules (CS, HCO+, HCN, C'^^O; Umemoto et al. 1991, Lee 
& Ho 2005). Alten et al. (1997) discovered an HH object, HH 
363, in the vicinity of the IRAS source. Anglada et al. (2005) 
detected three cm continuum sources in this region, but none 
seems to be associated with the IRAS source. Two mm contin- 
uum sources are detected, one of them (MMl) peaks around the 
IRAS source and toward one of the three infrared sources de- 
tected by the Spitzer Space Telescope (Lee & Ho 2005) 

The NH3 emission (Fig. IA.29I I is distributed in a compact 
condensation centered on the IRAS source, with weak emission 
extending to the NE. The size of the NH3 condensation (see 
Table |5j is similar to that obtained in the CS and HCO^ maps 
(Umemoto et al. 1991), but the emission peaks of the CS, HCO^, 
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Fig. A.29. Same as Fig.|Aj] for the L1221 region. The NH3 low- 
est contour level is 0.25 K and the increment is 0.2 K. The map 
of the CO bipolar outflow is from Umemoto et al. (1991) 



and HCN cores are located ~ 54" (~ 0.06 pc) to the south of the 
NH3 emission peak. A displacement between CS and NH3 emis- 
sion peaks has been found in several other regions, and has been 
interpreted by Morata et al. (1997) in terms of chemical evolu- 
tion. 

The presence of the IRAS source toward the ammonia peak, 
which is located at the center of symmetry of the outflow, favors 
IRAS 22266-1-6845 as its exciting source. This contrast with the 
proposal of Umemoto et al. (1991), who postulate the existence 
of an object located to the south of the position of the CS emis- 
sion peak as the outflow driving source. 

A.26. NGC 7538 

The NGC 7538 molecular cloud is an active site of high-mass 
star formation containing five infrared sources (IRS 1, 2, 3, 9 and 
11) within an area of 3'.5 x 3'5 (Werner et al. 1979). Estimates 
of the distance range from 2.2 to 4.7 kpc. We adopt a distance 
of 2.7 kpc (Kameya et al. 1986). Campbell & Thompson (1984) 
found a high-velocity outflow near IRS 1. Kameya et al. (1989) 
discovered three additional outflows in the region. Two of them 
are associated with sources IRS 9 and IRS 11, but the third one 
was not associated with any known source. Davis et al. (1998) 
detected a collimated H2 jet associated with the IRS 9 outflow, 
two possible bow shocks related with the IRS 1 and IRS 9 out- 
flows, and a number of H2 compact knots which coincide with 
the IRS 1 1 outflow, and that could be related with it. Davis et al. 
(1989) also detected a cavity to the northwest of IRS 1. 

The NH3 map (Fig. IA.30I ) shows a condensation elongated 
in the east-west direction. The ammonia emission peak is lo- 
cated toward the position of IRS 1 1 . A secondary emission peak 
is located near IRS 9. IRS 1-3 also appear projected toward the 
ammonia condensation. The association of IRS 1 1 with the am- 
monia emission peak suggests that this source is the most em- 
bedded object, in agreement with the CS observations (Kameya 
et al. 1986). 

The NH3 line profiles show broad intrinsic line widths, with 
values ranging from AV = 1.68 km s"' to 3.41 km s"'. The 
broadest intrinsic line width is found very close to the IRS 1 1 
position. Fig. IA.31I shows a contour map of the NH3 intrinsic 
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Fig. A.30. Same as Fig.|Al] for the NGC 7538 region. The NH3 
lowest contour level is 0.25 K and the increment is 0.2 K. The 
map of the CO bipolar outflows are from Kameya et al. (1989) 
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Fig. A.31. A contour map of the NH3 intrinsic line width for the 
NGC 7538 region. The lowest contour level is 1.6 km s ' and 
the increment is 0.3 km s ' 



line width. The broadening due to the NH3 hyperfine structure 
is about 0.5 km s ' and the thermal broadening for the derived 
kinetic temperature (~ 28.3 K, see Table |5]) is ~ 0.27 km s"'. 
Both values are significantly lower than the observed line width, 
which could indicate turbulent motions of the gas, or that the 
dense gas is suffering an interaction with the outflows. 
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